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PREFACE 


I I, is  report  produced  as  part  of  the  DOT/SSI  Technology  I ollow-On  Program,  phase 
II  task  VI  Advanced  I lectronic  Display  System  (ADIDS),  is  the  hnal  report  to  ie 
submitted  under  this  program.  The  purpose  ol  this  report  is  to  provide  a summary  ol  the 
(light  test  results  and  a subjective  critique  ol  the  operational  design. 


The  basic  objective  ol'  the  ADI  DS  task  was  to  complete  the  system  development  ellort 
initiated  durum  the  prototype  SST  program  and  to  make  the  results  ol  such  el  lort  available 
to  industry.  This  objective  has  been  achieved,  as  evidenced  by  data  provided  by  this  report 

and  the  referenced  reports. 


The  flight  test  effort  involved  5 3.5  hours  with  the  flight  deck  equipment  I ADI,  MI  D, 
and  NCDU  installed  at  the  first  officer’s  position  on  a 737-100  (No.  NASA  sl5).  I his  test 
airplane  was  provided  as  Government-furnished  property  to  Boeing  by  NASA  Langley 
Research  Center. 


This  llight  test  program  was  supplemented  by  a joint  Boeing/DOT/N  ASA  flight  test 
(Tj  llight  hours)  of  an  advanced  guidance  and  control  system  (ACCS).  Partial  information 
relating  to  this  testing  is  given  in  this  report.  Boeing  document  DO-41593, 

/.-//(,/„  Test  Report,  provides  more  details  on  this  aspect  ol  the  overall  NASA  515  llight  test 

effort , 
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1 .0  INTRODUCTION 


The  ADI  1)S  llight  test  eonl iteration  is  shown  in  figure  l-l.  (]*GCS)lotiK 

supplemented  by  the  addition  of  the  advanced  guidance  and  control  systc 
\I)M*  flight  test  airplane.  1 he  resulting  total  equipment  coniiguration  and 
, , ‘ .u ‘e  rellected  in  figure  1-2.  Note  that  the  major  element  ol  equipment 

adun  ancy  e c . j , ,,alion  was  t|,e  triple-redundant  incremental  control  processor 

Xw  -”'  dmprncn..  This  lriplc<ha„nel  dighal  fl,Bh.  conirol  equipment  was 
system  i t v , . SS1  Technology  Follow-On  Program,  phase  U.  I his 

eqmp^ncnt  was  mtc^ated  and  installed  in  the  ADEDS  Right  test  airplane  as  part  o.  a joint 
Boeing/ DOT/NASA  program  that  was  performed  at  no  cost  to  the  DU1 . 

Tho  AGCS  llight  r 

opcuiion.  while  the  WJS  J „,c  ,cs,  airplane  significantly  enhanced  the 

W..  airplane  in  support  of  the  respect, ve 

Right  test  efforts. 

airp,r XS  ^ at"^  d"  'TSZX* “ 

flight  test. 

During  the  AMDS  High,  ZZSt  'sunnnan^Tn 

rpp'XnA  Th^rit/ne  renu.rernents  are  provided  in  reference  3 and  represent  the 
equipment  requ.rements  a,  the  time  of  delivery  from  .he  equipment  snhcon.ractors. 

The  ADHDS  flight  test  was  performed  between  January  8 and  March  15  1 974.1  able 

the  AGCS  testing.  c (2)  operational  evaluation  flights,  and  (3)  system 

S nSs'  Thesenn,gh.'  eatejrie,  are  onthned  in  defai.  in  referenced.  Each 
flight  is  summarized  in  section  2.1 . 

ssssar 

during  .he  nigh,  test  program  perform*. w th,  he  ^ withi„  expected  levels 

on.™.  Of  -His  i£A  ~ of  the  mat  or  prohtems 

- — 

prior  to  installation,  see  reference  5. 


FIGURE  1-1.—ADEDS  INTERFACE  BLOCK  DIAGRAM 


DOT/ADEDS  equipment  ' ! Full  AGCS  implementation 
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I'hc  lliglit  data  rccoided  during  the  flight  test  effort  are  summarized  in  section  3 I 
1'hese  data  were  recorded  In  the  data  acquisition  system  described  in  detail  in  referenced. 
I'lte  procedure  In  which  the  raw  recorded  data  were  reduced  to  the  lorm  presented  is 
reviewed  in  section  3. 1 

One  ol  the  objectives  nl  the  ADEDS  task  was  to  provide  flight  test  data  for  comparison 
with  simulation  evaluation  data  reported  in  rclcrcnce  5.  It  must  he  recognized  that  the  data 
samples  tor  both  these  evaluations  were  limited  in  scope,  and  o ny  comparisons  must  be 
properly  weighted  In  this  limitation. 

I he  ADI  DS  flight  test  and  simulation  data  were  fora  controlled  test  condition  Pilots 
were  from  the  Boeing  flight  lest  organization  and  their  prior  experience  with  display  and 
control  concepts  simdai  to  those  of  \DI  DS  varied  from  extensive  to  very  little. 

The  flight  test  data  are  summarized  in  section  3.1.  A more  complete  set  of  data  from 
which  these  results  were  obtained  is  contained  in  appendix  It.  for  the  size  data  sample 
available,  the  data  are  considered  basically  to  show  that  the  operational  capability 
improvement  potential  that  has  been  attributed  to  ADf  DS-typc  systems  can  in  fact  be 
realized  under  operational  flight  conditions.  The  data  indicate  that  the  specilic  display 
guidance  mode  used  does  not  significantly  affect  tracking  performance.  The  data  further 
indicate  that  display  formats  that  combine  vertical  and  horizontal  guidance  information  on 
one  display  result  in  comparable  tracking  performance  regardless  of  minor  dilferenees  in 
symbology.  The  magnitude  of  these  improved  position  control  parameters  in  automatic 
and/or  manual  modes  indicates  that  their  availability  in  the  operational  environment  would 
provide  potential  improvement  in  terminal  area  operations.  It  should  be  recognized  that 
guidance  modes  demonstrated  during  the  ADI  DS  t light  test  also  provide  potential 
improvements  in  performance  during  climb-out.  cruise,  and  descent  legs  of  the  flight  prolile. 

The  supporting  operational  AT’C  environment  is  one  of  the  key  elements  in  establishing 
operational  design  adequacy  and  realizing  the  effective  application  ol  an  ADf DS-type 
system.  T he  scope  ol  the  ADI  DS  task  did  not  include  the  design  or  analysis  of  future  ATT 
environments.  Plans  to  perform  at  f ist  limited  flight  testing  in  an  advanced  ATT 
environment  ( \ RTS  III  with  metering  and  spacing)  at  NAM  C or  Atlanta  were  not  realized 
due  to  test  site  scheduling  and  equipment  availability  problems.  Ihercfore,  the  ADEDS 
evaluation  was  performed  totally  under  the  control  of  operational  ATC  personnel  with 
supporting  operational  procedures  acceptable  to  the  active  controllers. 

The  ADEDS  flight  test  was  afforded  outstanding  support  by  Seattle  Center,  Seattle 
Approach  Control,  Grant  County  Tower,  and  Grant  County  Approach  Control  personnel 
Several  controllers  and  supervisory  personnel  from  each  facility  participated  in  the  p re  flight 
and  post  flight  meetings.  In  addition,  several  controllers  Hew  on  the  airplane  during 
operational  evaluation  flights.  This  active  participation  and  interest  by  the  respective  ATC 
facility  personnel  contributed  significantly  to  the  success  of  the  ADEDS  (Tight  test  el  tort  by 
providing  an  informed  basis  for  their  comments  icgarding  potential  benefits  and  problems 
related  to  use  of  an  ADI  DS-type  system  in  a futuie  VTC  environment.  For.  description  ol 
the  Hight  profile  catalog  used  to  coordinate  the  flight  test  with  ATC,  sec  reference  4 and 
appendix  C of  this  report 


■fate 
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At  tins  point,  it  should  be  stated  that  the  AIC  support  afforded  ADI  1)S  was  from 
operational  centers  and  towers.  As  stall,  the  personnel  involved  were  not  expressing  the 
opinion  ol  the  I AA  Alt  development  organizations  but  were  expressing  opinions  regarding 
their  experience  during  support  of  the  system  test. 

The  consensus  of  controller  comments  appears  to  be  that  an  ADHDS-type  system  does 
provide  potential  improvements  in  terminal  area  AIC  operations  this  potential  improve- 
ment could  be  partialis  realized  by  existing  or  planned  improvements  in  ATC  equipment 
and  procedures.  I llective  realization  ol  the  lull  potential  will  require  additional  parallel 
analysis  and  development  ol  both  airborne  and  ground  equipment  and  proedures.  This 
development  would  necessarily  be  performed  in  an  environment  where  the  ATC  equipment 
and  procedures  could  be  altered  as  were  those  of  the  ADLDS  airborne  equipment.  Such 
variations  are  not  possible  in  an  operational  environment. 

It  should  be  noted  that  the  potential  improvements  are  foi  an  ADI  DS-typc  system. 
The  formal  definition  of  design  and  performance  requirements  ol  the  final  system  is 
considered  part  of  the  preceding  suggested  development  effort. 

Another  major  consideration  affecting  the  potential  application  of  an  ADHDS-type 
system  is  the  ability  of  the  llightcrew  to  effectively  utilize  its  capability  without 
compromising  safety.  There  are  two  basic  considerations  that  must  be  given  to  any 
interpretation  ol  llightcrew  comments  regarding  the  ADI  DS  operational  design  adequacy. 
First,  the  data  sample  of  pilots  is  small  and,  therefore,  somewhat  subjective.  Second,  the 
ADFDS  operational  design  was  in  conformance  with  a development  effort  that  required 
flexibility  to  evaluate  a broad  spectrum  of  operational  modes  and.  therefore,  included 
numerous  requirements  that  would  not  be  present  in  a production  system.  These 
requirements  often  resulted  in  less  than  optimum  system/crew  interlaces. 

The  primary  llightcrew  comments  were  obtained  from  the  controlled  ADFDS  group  of 
four  pilots.  However,  comments  were  also  obtained  from  numerous  Government,  airline, 
and  supporting  Boeing  test  pilots.  Flighterew  comments  can  be  categorized  in  two  major 
groups:  (I)  comments  regarding  the  future  operational  application;  i.c.,  post-1980,  and 
(2)  comments  regarding  application  to  contemporary  operational  usage.  For  the  most  part, 
pilot  comments  were  related  to  one  of  these  groups  depending  upon  the  respective  pilot 
background,  experience  with  experimental  systems,  and  current  job  description.  The 
ADFDS  t„sk  was  performed  on  die  basis  of  potential  future  application  and  was,  therefore, 
primarily  interested  in  comments  fitting  into  the  first  group. 

In  summary,  the  llightcrew  comments  were  as  follows: 

1)  The  simulation  effort  was  invaluable  in  the  development  and  preflight  checkout 
of  flighterew  procedures. 

2)  CRT  displays  provide  an  ideal  medium  for  presenting  situation/command/status 
information  to  the  flighterew.  This  is  particularly  true  for  ADEDS-type  systems 
that  encompass  advanced  navigation/guidance/flight  control  equipment,  sup- 
porting sensors,  and  procedures. 


I 


I) 


2) 


3l  The  iiiglit  test  clearly  demonstrated  that  3D/4D  operations  are  feasible  from  the 
flightcrew/airplane  viewpoint. 

A more  detailed  discussion  of  the  operational  design  of  the  ADI  DS  is  provided  m 
section  3.2. 

In  conclusion,  it  is  considered  appropriate  to  make  some  observat ions  rega. ding  the 
\,)1  |)S  task  from  the  viewpoint  of  what  should  he  done  dillcrently  or  additionally  or 
Mow!!' Jmograms.  Them  lire  (WO  primary  Hum  me  Um.Ui.blc  os  recommended 
elements  of  follow-on  piograms 

Thc  navigation  computer  should  include  .n  l'f™“""S  US 

compulation  to  supiUcm.nl  INS  updating  by  VOP./DMI  during  approach  and 
l.mdiii*1  This  capability  would  offset  the  navigation  system  degradation  seen 
dur  m ADI- DS  11, gill  test  apptoachett  where  adequate  VOR/DMB  signals  were  nor 
available  durtng  the  final  low  altitude  approach  and  landing.  1 h,s  signal  would  not 
he  used  by  the  autoland  system. 

II, e operational  design  of  a I WO  10  1900  system  should  include  a data  link 
system  This  portion  of  I he  ground-air  and  airborne  system  liner  ace  is  eonstJea 
a kcv  element  to  the  ultimate  teal, /a, ion  of  the  full  potent, a of  an  ad.at.ced 
technology  system  lor  commercial  airplanes  Future  programs  of  this  type  should 
include  provisions  for  the  full  evaluation  ol  data  link 

Additional  comments  regarding  suggested  eons, derations  for  inclusion  in  any  follow.,,,, 
effort  are  included  in  section  3.0  ot  this  report 

A summary  reef  amend:,, ion  rega, ding  lollow-tm  ADI  DS-type  programs  would  he  that 
. | j more  closely  upon  an  opciational  conlignration  ol  hardwa  , 

t^s^s^isssssass^ 

ThJ  additional  opportunity  to  further  isolate  specific  design  and  performance  criteria  lor 

- Pft  ::r  srx  ,r:;r 

Lfmeretl  Lialron  advanced  system  ope, a, Iona,  concepts  .ha,  wdl  “ 

in  traffic  density,  noise  abatement,  and  economy  with  (as  a minimum)  no  degn 

safety  standards. 
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2 0 FLIGHT  TEST  REVIEW 


llic  following  paragraphs  provide  a more  detailed  review  ol  the  ADliDS  llight  test 
program.  1 his  review  includes:  ( 1 ) a summary  description  of  each  flight  prolileand  related 
system  performance  comments,  (2)  a navigation  system  performance  summary,  (3)  an  INS 
performance  summary,  and  (4)  a display  system  performance  summary  Dillerences  m 
times  between  the  following  llight  descriptions  and  those  given  by  table  l-l  are  a result  of 
the  inclusion  of  taxi  and  holding  for  takeoff  clearance  in  the  following  descriptions. 

2.1  FLIGHT  SUMMARY 
Flight  5-1,  January  8,  1974 

p 

This  was  the  initial  llight  dedicated  to  ADEDS  engineering  acceptance  testing.  The  lirst 
llight  on  December  19,  1974  was  primarily  for  the  purpose  of  checking  the  basic  airplane 
systems.  The  airplane  had  not  flown  since  mid-August  1973  and  during  this  time,  an  engine 
was  changed  on  the  airplane. 

Departure  from  KBFI  was  via  standard  Sll)  BENI3R.  Prior  to  autoland  testing  at 
KPAE,  navigation  system  accuracy,  display  symbology  quality,  and  various  airplane  control 
modes  were  evaluated.  The  initial  approach  to  KPAE  was  via  standard  STAR  C AN1(>  with 
transition  to  autoland  for  a touch  and  go.  A total  of  three  touch-and-go  autolands  were 
accomplished,  with  a fourth  being  aborted. 

The  en  route  segment  from  KPAE  to  KBFI  was  flown  4D  coupled  with  an  autoland 
being  accomplished  at  KBFI. 

Flight  5-2,  January  1 1,  1974 

The  purpose  of  this  (light  was  to  continue  the  ADEDS  acceptance  testing.  Depart u d 
from  KBFI  was  via  noise-abatement  SID  SUM  I3R.  En  route  to  KMWI1,  2D,  3D,  and  4D 
guidance  options  were  checked  as  well  as  the  autopilot  modes  tor  TK,  ALT,  FPA,  and  CAS 
select  CWS.  A 4D  transition  to  autoland  was  made  at  KMWI1  via  curved,  descending, 
decelerating  STAR  EPH32R.  A racetrack  course  was  entered  for  the  performance  of  three 
touch-and-go  autolands.  The  return  to  KBFI  in<  aided  checking  various  system  modes  as 
performed  on  the  en  route  segment  to  KMWlf  tr.  addition,  a holding  pattern  was  executed 
! at  the  Ephrata  VOR.  The  approach  to  KBH  was  via  two-segment,  straight,  decelerating 

STAR  ENU31L,  with  transition  to  autoland  to  200  ft  where  the  pilot  disconnected  and 
completed  the  landing  in  the  manual  mode. 

System  Performance  Comments 

Navigation 

• NCU,  OK. 

• NCDU  002.  Keyboard  hangup  prior  to  taxi,  cycling  of  key  “El”  cleared  it. 

• NCDU  003.  Keyboard  hangup  after  power  transient.  Recycling  400  Hz  and  28  V 
twice  cleared  it. 
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• INS,  SN  406.  OK. 

• INS,  SN  094,  7.5  nmi/ln.  Navigation  error  caused  aborted  autoland  at  Moses  Lake 
and  necessitated  landing  to  realign. 

I lie  navigation  software  performance  was  excellent  (<0.l-nmi  error  at  KBFI),  but 
update  mode  annunciation  problems  occurred  during  part  of  the  flight;  i.e.,  IXX  when  DML 
was  good;  also,  impossible  mode  IVV  was  seen  on  the  Ml  I).  Navigation  mode  was  therefore 
uncertain  on  the  way  to  KMWII.  Alter  the  stop  at  KMWII  for  INS  No.  I realignment,  the 
11)1),  ll)X  modes  worked  OK  on  the  flight  back.  II)V  was  seen  occasionally. 

Displays  Numerous  transmission  errors  indicated  by  the  PCU  and  zero  data  were  again 
detected  on  l:AI)l  bus,  causing  flickering  stroke  symbology.  Jump  in  the  MFI)  picture 
indicated  periodic  bad  transmission. 

All  FADI  functions  looked  reasonable  except  for  the  flickering  caused  by  the  EADI 
bus  I/O  problem.  Star  and  circle  had  gliehes  when  limited  Runway  symbology  was  still  bad 
since  no  corrections  had  been  added  since  the  last  flight. 

A I -sec  lag  filter  was  added  to  the  MFD  ACNORM  at  KMWII  I hereafter,  trend  vector 
looled  good.  New  annunciation  of  NVv  mode  and  GS  was  acceptable  but  too  bright.  Alt 
Range  symbol  disappeared  off  the  bottom  of  the  screen. 

Flight  5-3,  January  18,  1974 

The  purpose  of  this  flight  was  to  continue  testing,  leading  to  engineering  acceptance  of 
the  ADFDS.  Departure  from  KBFI  was  via  noise-abatement  SID  SUMI3R.  Following 
completion  of  the  Sll),  transition  to  a square  test  pattern  was  executed  for  navigation 
system  accuracy  checks.  This  pattern  was  followed  by  a figure  8 pattern  (sid  octal)  flown 
over  the  Seattle  area  at  21,000  and  31,000  ft  with  DME  constant  radius  turns.  Testing 
during  the  above  (light  profile  included  2D,  3D,  and  4D  modes  plus  variations  of  autopilot 
CWS  modes,  including  altitude  hold,  track  select,  flightpath  angle  select,  and  computed 
airspeed  select.  The  ADEDS  testing  included  navigation  accuracy  checks,  turn  commands 
with  1 79°  track  error,  programmed  groundspecd  changes,  curved  trend  vector,  altitude/range 
limiting,  and  navigation  system  autotuning. 

A 4D  approach  was  made  to  KPAE  via  curved,  descending,  decelerating  STAR  EDM  16 
with  transition  to  autoland  for  a touch-and-go  landing.  Due  to  weather  conditions,  the 
remainder  of  this  test  was  canceled  and  a direct  flight  to  KBFI  was  made. 

System  Performance  Comments 

Navigation 

• Bombed  computer  memory  occurred  when  ground  power  lost  during  bus  transfer. 

• Computer  autotune  outputs  were  suspected  of  being  in  error 
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No  NCDU  problems;  IV  monitor  ol  the  pallet  NCDU  oeeurrcd  for  the  first  time. 
GUM)  software  offset  X IKE  in  21)  may  be  due  to  ICPS. 

Autothrottle  overboosting  oeeurrcd  due  to  not  compensating  for  pilot’s  hand  on 
the  throttle. 

VGSDOT  software  patch  for  differentiating  GS  in  NCU  was  unsuccessful. 

Autotuning  and  Nav  update  from  station  2 could  not  be  achieved,  probably 
because  of  frequency  checks  not  being  valid.  IDV  mode  was  achieved  using 
manual  tuning  from  the  cockpit. 

Early  in  the  flight, DME  data  were  being  received  from  both  DMEs,  but  later  No.  2 
data  were  not  received. 

The  flight  was  flown  most  of  the  time  in  ll)X  with  SI  A manually  toned. 


INS 


• Disastrous  results.  Schuler  errors  that  resulted  in  residual  ground  speeds  of  8 kt 
(SN  406)  and  23  k (SN  094)  caused  autopilot  trips. 

• INS  No.  2 (SN  406)  again  accepted  wind  angle  as  runway  heading. 

Nai  Checks 


Time 

WPT 

C-4000  DME 

REF  DME 

13:24 

CHARLY 

SEA 

46.88 

47.03 

BLI 

71.49 

7110 

TUMWR 

SEA 

38.55 

38.58 

OLM 

5.45 

5.50 

BROOK 

OLM 

28.81 

28.79 

KPAE 

KBF1 


EAT  LON 

N 47°55  4'  W I 22°  17.0' 
N 47°32.3'  W 122°  17  I' 


N 47°32.l’  W 122°  18. 3' 


Displays 


• No  interface  problems  apparent  during  the  entire  flight.  Bus  3 data  were  being 
lost  prior  to  taxi.  Proved  to  be  data  dependent  because  OK  in  NCDU  test  mode. 


• Prior  to  flight  test,  jitter  appeared  on  MFD,  but  it  cleared  up.  Jitter  was  induced 
after  a power  transient. 

• FADE  FPA  and  star  and  circle  were  noisy  in  X dimension  during  turbulence;  filter 
was  required 
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I are  solved  sum  cheek  error  in  hank  4 must  have  been  due  to  an  error  on  the 
punched  tape.  (Sum  check  differed  by  00000400  between  listing  and 
location  7 $4.) 

• KADI  runway  centerline  limiting  again  was  no  good.  Runway  was  not  seen  in  the 
limited  condition. 

Flight  5-4,  January  23,  1074 

Departure  from  KRI  I was  via  noise-abatement  SID  SUM  I3R  through  1 1 ,000  ft  en 
route  to  a cruise  altitude  of  17,000  ft  to  KMYVH. 

I n route,  basic  INS,  navigation  accuracy,  and  autotiming  checks  were  made.  This  was 
followed  by  a reversionary  navigation  mode  check  and  autothrottle  checks  and  adjustments. 

Following  a series  of  C'WS  checks,  adjustments  were  made  in  flight  to  further  reduce 
column  activity  noted  on  previous  flights.  Limit  cheeks  were  made  on  wheel  and  column 
detents  and  coupled  autopilot  bank  angle.  Autothrottle  limit  cheeks  were  performed  for 
both  maximum  I PR  and  V^q/M^q 

A 4D  approach  was  made  to  runway  32R  at  KMWII,  using  3D-coupled  path  modes  and 
manual  throttle  control.  I his  control  ,vas  a curved,  descending,  decelerating  path  beginning 
at  I 1,000  It.  1 he  R-Nav  to  ILS  transition  was  successfully  accomplished,  and  automatic 
Hare  and  touchdown  were  accomplished  with  a time  error  of  less  than  I see.  Variations  in 
wind  direction  and  velocity  during  this  approach  were  severe,  ranging  from  60+ kt  tailwind 
component  at  1 1,000  It,  through  a 40+ kt  headwind  component  at  4,000  ft  during  the 
descent,  to  a 5 kt  crosswind  at  touchdown. 

I hree  additional  touch-and-go  autolands  were  executed  with  two  of  these  going 
through  touchdown.  The  third  was  terminated  at  the  middle  marker  due  to  tower 
instructions  tor  traffic  avoidance.  The  second  approach  encountered  747  wake  turbulence  at 
60  ft  AGL;  the  autoland  system  corrected  lor  the  vortex  disturbance  and  flared  to  a 
successful  touchdown  slightly  to  the  right  of  centerline. 

I he  return  to  KBFI  was  made  4D  coupled.  A curved,  descending,  decelerating 
approach  was  made  to  runway  I3R.  Coupled  mode  operation  was  terminated  at  the  outer 
marker  due  to  low  ceilings  and  turbulence. 

System  Performance  Comments 

Navigation 

• A sottware  patch  was  necessary  to  protect  against  a faulty  power  interrupt 
routine  whereby  the  power  interrupt  was  controlled  by  mask  bit  22  (time 
interrupt)  instead  of  mask  bit  24  in  the  interrupt  mask  word  LOC  23. 

• Frequency  commons  for  autotune  were  deliberately  shorted  together  to  ensure 
the  autotune  function  was  operative.  An  ECR  was  incorporated  prior  to  flight  to 
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reduce  (lie  frequency  common  sink  resistor  to  I K instead  of  3.3  K.  A problem 
Still  existed  with  the  relay  contact  resistance  in  the  airplane  accessory  box 


• Key  II  on  N(  1)1'  SN  003  was  replaced  prior  to  flight 
were  experienced 


No  I u r t lie i problems 


• l op  two  rows  of  keys  on  NCDIJ  SN  002  were  much  less  brightly  illuminated  than 
the  rest  ol  the  keyboard. 


IDI)  logic  had  a hole  in  it.  A 10-sec  delay  between  switching  DM l No.  2 stations 
was  patched  in  for  this  flight  I he  first  2-1/2  hr  of  flight  were  OK  in  11)1)  and 
M)l)  modes.  1 he  problem  occurred  when  1X1)  mode  was  annunciated  even  when 
l)\ll  No.  I was  good;  i.e.,  the  same  station  was  accepted  as  I)M1  No.  2.  Ihe 
mode  later  switched  to  1DX  but  never  to  IDI). 


Othei  soltwaie-related  incidents  included  a 9°  heading  change  when  ADI)  was 
selected.  Airplane  compass  was  suspected.  Also,  the  Yakima  (YKM)  DIME  was 
frequently  rejected  by  autotune  lor  no  apparent  reason. 


1\S  Ihree  new  INS  systems  were  used  SN  748  modified  to  provide  acceleration 
resolution  of  1/64  It/see  replaced  the  rejected  system  SN  039.  Two  unmodified  INS 

SN  753  and  766,  were  used  in  positions  A and  C,  respectively.  Performance  summary  was  as 
follows: 


INS  SN 

A LAT 
(min) 

A LON 
(min ) 

AGS 

(kt) 

Nav  time:  7 In 

748 

0.6 

1 0 

3 

Flight  time:  3 hr 

753 

1.5 

2.6 

1 

766 

0.1 

0.2 

3 

Displays 

• hew  errors  in  transmission  were  detected  in  (light.  After  2 hr  40  min  of  flight,  the 
h(  l had  detected  the  following  bad  transmissions: 

MFD  bus  I 10  errors 

MFD  bus  2 I 2 errors 

EADI  bus  0 errors 

• The  blinking  EADI  symbology  experienced  on  previous  flights  had  occurred 
recently  only  with  the  waypoint  TAG.  This  was  isolated  as  a display  problem. 

• Ihe  EADI  FPA  symbol  was  in  error  when  on  the  runway  and  shortly  alter 
takeoff.  This  was  probably  due  to  errors  in  the  II DOT  calculation. 

• The  MFD  time  box  moved  off  the  path  during  the  entire  leg  from  APDLN  to 
SIMCE,  and  an  extra  line  appeared  on  the  other  side  of  the  path. 
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Conics  on  the  MM)  (light  plan  path  were  occasionally  wrong. 


• Mil)  outer  marker  symbol  angle  was  intermittently  in  error. 

• No  Hare  discrete  was  apparently  received  because  no  blinking  of  I l*A  was 
observed  on  the  LADI 

• I ADI  runway  symbology  was  wrong  in  lour  ways: 

I ) Step  position  changes  when  turning 

2)  ( enterline  errors  when  limited 

3)  Runway  outline  errors  when  limited 

4)  Runway  centerline  appeared  later  than  runway 
Flight  5-5.  February  5.  1974 

The  purpose  ol  this  flight  was  to  continue  engineering  acceptance  testing  of  ADFDS. 
Departure  front  KI5FI  was  via  standard  SID  WATI3R  en  route  to  the  test  location  over  the 
North  Cascade  mountains.  During  the  first  circuit  around  the  rectangular  test  path,  the 
autothrottle  operation  was  unsuccessful.  This  problem  was  caused  by  the  No.  I throttle 
sticking  at  approximately  1.4  HPR  for  about  3 min.  During  this  period,  problems  were  also 
encountered  with  the  display  system  memory  parity  errors.  One  additional  circuit  of  the 
test  path  was  made  after  clearing  the  throttle  condition  but  continued  display  problems 
were  of  such  a nature  that  further  testing  was  cancelled.  Further  autoland  tests  were  also 
cancelled  due  to  the  unknown  cause  of  the  throttle  problem. 

The  return  to  KBFI  was  direct. 

System  Performance  Comments 

Navigation 

• Changing  of  the  SI’BP  transmitter  on  February  4.  1974,  apparently  cured  all  MFD 
I/O  problems. 

• Two  NCDU  keyboard  hangups  were  experienced  prior  to  Right  and  cured  by 
cycling  power. 

• Problems  with  the  basic  airplane  throttle  system  aborted  all  checkout  of 
autothrottle  functions. 

• Nav  error  at  the  end  of  llight  was  excessive. 

1 ) 0 25  nmi  XTKE  at  touchdown 

2)  A LAT  0.3'  ) 

A LON  0.8'  ) 
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at  the  ramp 


I 


r 


f 


I'll  is  error  is  suspected  to  be  due  to  I1)V  mode  operation  lor  a short  while  during 
the  approach 

• Haro  inertial  loop  111)01  errors  on  the  runway  caused  up  to  10°of  FPA  error  on 
the  1 ADI  The  symptoms  are  as  follows: 

1 ) Acceleration  to  “TakcolT”  causes  negative  FPA. 

2)  Deceleration  at  “Landing”  causes  positive  FPA. 

3)  Unaccelerated  taxiing  does  not  cause  error 

4)  V ACCEL  in  the  C-4000  statically  agrees  with  ICTS  analog  il  from  the  INS; 
i.e.,  LOC  177  0.25  It /sec 2 = 20  mV  at  ICPS 

5)  11  DOT  ramp  of  3 ft/sec2  have  been  recorded  while  VGSDOT  max  is  5 ft/sec, 

6)  Traces  of  V ACCEL  from  the  C-4000  are  noisy  and  do  not  follow  analog 
recordings  at  the  ICPS. 

Tentative  conclusion  is  that  the  C-4000  A/D  converter  may  be  the  cause. 

• Runway  centerline  symbology  for  the  EA1)1  is  in  error  when  the  slope 
approaches  zero. 

• Star  and  circle  had  errors  in  the  limited  condition,  probably  due  to  overflows. 

INS  All  three  systems  performed  extremely  well.  Performance  summary  was  as 
follows: 


INS  SN 

ALAT 

A LON 

AGS 

(min) 

(min) 

(kt) 

Navtime:  2.75  hr 

406 

-0.6 

+ 1.0 

1 

Flight  time:  1.9  hr 

748 

-0.4 

+0.21 

2 

766 

-0.1 

+0.1 

0 

(unmodified) 

Displays 

• Memory  parity  errors  caused  several  losses  of  displays  and  eventually  caused 
permanent  loss  of  track  tape  on  the  MFD  and  displacement  of  FPAC  on  the 
EAD1 

• TV  worked  OK  throughout  the  flight. 

• The  new  LOC/GS  deviation  symbol  was  used  for  the  first  time. 

• No  software  problems. 
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Flight  5 6,  February  8,  1974 


Departure  From  Kbl  I was  via  departure  turn  SI I)  BUR13R  en  route  to  KPAE  where  a 
curved  descending,  decelerating  STAR  EDM  16  was  used  for  approach,  and  then  transition 
to  a manual  flight  director  approach  was  accomplished,  followed  by  a touch  and  go.  In 
route  to  a test  path  in  the  North  Cascades,  aulopdot  and  navigation  inode  cheeks  were 
performed  then,  lor  the  approach  to  KMWII,  curved,  descending,  decelerating  STAR 
S1P32R  was  used,  followed  by  transition  to  an  autoland  touch  and  go.  Following  two 
racetrack  course  autolands,  a full  stop  was  made  for  refueling.  Iliis  marked  the  end  ol  the 
engineering  acceptance  testing  and  the  beginning  of  the  operational  evaluation  testing  lor 
ADI  DS 


Using  flight  director  guidance,  the  following  sequence  of  SIDs  and  STARs  were  down 
at  KMWII  close-in  turn  SID  POW32R  straight,  decelerating  STAR  CON32R.  standard  SID 
POT32R  curved,  descending,  decelerating  STAR  S1P32R  Departure  from  KMWU  was  via 
two-segment  SID  COR32R  using  flight  director  guidance,  and  the  approach  to  KB  El  was  via 
two-segment,  straight,  decelerating  S TAR  F.NU3IL. 


System  Performance  Comments 

Navigation 

• NCDU  SN  002  had  intermittent  problem  with  “K”  key. 

• Active  NCDU  was  transferred  to  the  cockpit  by  wiring  change  in  the  XI 
matrix  box. 

• DME  No.  I autotuning  was  suspected.  DME  No.  1 and  No.  2 frequency  commons 
were  currently  tied  together  at  the  matrix.  The  No.  1 DME  was  suspected  and 
apparently  failed  during  flight. 

• The  wind  calculation  had  1 I -kt  resolution  and  did  not  switch  over  to  CAS. 

• The  MED  trend  vector  had  an  erroneous  line. 

• Runway  symbol  loaded  too  narrow, 

• The  MED  ratcheted  when  turning  on  the  ground. 

• C-4000  bulk  data  must  be  changed  so  that  all  waypoints  are  referenced  to 
VORTAC. 

INS- Velocity  inconsistencies  up  to  30  kt  were  detected  in  flight  in  the  No  2 system 
SN  748.  This  adversely  affected  NCU  navigation  and  caused  autopilot  first  lailure 
indications. 


t 


I 


Velocity  (kt) 


INS 

INS 

INS 

INS 

INS 

NCU- 

Time 

ni)G 

No.  1 

2 - 1 

No.  2 

2-3 

No.  3 

NCU 

INS  NO.  2 

11  57 

270 

467 

-29 

438 

-28 

466 

- 

- 

12:02 

400 

0 

400 

-1 

401 

- 

1 2.03 

393 

-7 

386 

-8 

394 

369 

-17 

12:05 

160 

449 

0 

449 

0 

449 

445 

-4 

12:10 

354 

-3 

351 

-6 

357 

355 

+4 

12:  13.30 

390 

-9 

381 

-7 

388 

383 

+2 

12:17 

384 

-12 

372 

-7 

379 

- 

12  19 

365 

-15 

350 

-14 

364 

356 

+6 

12:20 

116 

361 

-16 

345 

-14 

359 

354 

+9 

12:22 

95 

349 

-16 

333 

-17 

350 

347 

+ 14 

12:24 

95 

304 

-14 

290 

-15 

305 

306 

+ 16 

12:26 

246 

-9 

237 

-6 

243 

246 

+9 

12:29 

215 

-7 

208 

-6 

214 

198 

-10 

12:31 

210 

0 

210 

0 

210 

203 

-7 

12:33 

193 

-7 

186 

-10 

196 

197 

+ 1 1 

12:34 

196 

-5 

191 

-3 

194 

- 

- 

12:35 

175 

-5 

171 

-2 

173 

172 

+1 

12:36 

174 

+ 1 

175 

+ 1 

174 

- 

- 

12:37 

188 

+ 1 

189 

-1 

190 

187 

-2 

12:38 

342 

136 

+ 1 

137 

+ 1 

136 

- 

- 

12:43 

172 

-3 

169 

-1 

170 

170 

+1 

12:48 

192 

-3 

189 

-5 

194 

189 

0 

12:50 

283 

183 

-1  1 

172 

-9 

181 

173 

+ 1 

12:52 

158 

-10 

148 

-9 

157 

150 

+2 

12:54 

350 

155 

0 

155 

-7 

162 

- 

- 

12:56 

342 

128 

-3 

125 

-4 

124 

128 

+3 

13:05 

162 

132 

+ 1 

133 

+2 

131 

132 

-1 

13:06 

275 

145 

-8 

137 

-6 

143 

- 

- 

13:07 

340 

158 

-2 

156 

-3 

159 

157 

+1 

INS  No.  1 (SN  406)  and  INS  No.  2 (SN  748)  were  interchanged  at  KMWH.  No  large 
discrepancies  in  GS  were  noted  thereafter,  but  a large  ( > I nmi)  navigation  error  was 
noticed  during  approach  to  KBFI. 


Terminal  accuracies  of  the  INS  were  as  follows: 


INS  SN 

A LAT 
(min) 

A LON 
(min) 

KBFI  to  KMWH 

Navtimc:  4.7  hr 

406 

-3.8 

+0.5 

Flight  time:  2.3  hr 

748 

-1.4 

+0.2 

766 

+ 1.1 

+4.0 

NCU 

-0.3 

+0.2 

I 
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KMWI1  to  KIU  I 

Nav  time: 

1 light  time: 


INS  SN 

A FA  I 
(min) 

AlON 

(min) 

AGS 

(kt) 

3.0  hr 

406 

-0.6 

+0.2 

4 

2.5  hr 

748 

-1  3 

-3.7 

2 

766 

+2.1 

-1  5 

1 

NC'U 

-0.6 

-0.2 

0 

Displays 

• No  software  problems 

• Memory  parity  problems  throughout  the  flight  resulted  in  UADI  mode  control 
loss,  1 A 1)1  pitch  and  roll  invalid  indication,  and  total  display  loss. 

• Power  supplies  were  suspected  of  improper  operation. 

Flight  6-1.  February  13,  1974 


Departure  from  KltPI  was  via  departure  turn  SID  BOR  OR . followed  by  a 41)  coupled 
fUithi  to  KWVVI1.  The  approach  to  KMWII  was  via  curved,  descending,  decelerating  STAR 
SlPl^R  from  which  a transition  to  an  autoland  for  a touch  and  go  was  success! ully 
accomplished.  This  was  followed  by  a racetrack  course  flown  for  three  additional  autolands. 
The  final  autoland  was  a full  stop  for  preparation  tor  ADI  DS  evaluation  (lights 

from  KMWII. 


The  initial  ADEDS  evaluation  flight  departure  was  via  departure  turn  Sll)  GRA32R 
with  the  approach  via  straight,  decelerating  STAR  CON32R.  Tins  flight  w^^cmnpliMied 
using  vertical  plus  waypoint  guidance.  The  second  flight  departure  was  via  SID  1 OW3.R, 
close-in  turn,  using  vertical  plus  waypoint  guidance.  1 he  approach  was  via  STAR  SI  . -Re- 
curved, descending,  decelerating  path,  using  vertical  plus  waypoint  guidance.  The  third  flight 
departure  was  via  SID  GRA32R,  a departure  turn  path,  using  path  perspective  commune 
guidance.  The  approach  was  via  STAR  CON32R.  a straight  decelerating  path  usmg  path 
perspective  command  guidance.  The  departure  lor  .he  lourlh  llight  was  via  SID  t 1121 .4 
close-in  turn,  using  path  perspective  command  guidance:  and  the  approach  was  via  SI  A 
SUL32R  a two-segment  approach,  using  path  perspective  command  guidance. 


The  departure  from  KMWII  for  KBF1  was  via  SID  POW32R,  a close-.n  turn,  in  he 
coupled  mode.  The  en  route  segment  to  KBPI  was  41)  coupled  and  the  W**  •»  KUFI 
was  aborted  by  ATC.  This  was  followed  by  reclearance  lor  an  autoland  into  KBt  1. 


Results  for  this  (light  were  significantly  enhanced  over 
installation  of  improved  display  memory  electronics  boards  that 
operation  without  parity  errors  encountered  on  previous  (lights. 


the  previous  two  by  the 
provided  proper  memory 


System  Performance  Comments 


> 


> 


> 


> 


» 


f 


Navigation 

• Due  to  a bail  connection  somewhere,  a problem  occurred  with  the  MCU  prior  to 
flight. 

• There  were  no  problems  in  flight. 

• The  active  NCDU  was  in  the  cockpit. 

• HADI.  Pitch  flight  director  gain  was  reduced  by  one-luilf  at  KMVVH. 

• Deficiencies  observed  during  flight  were  as  follows: 

1 ) EADI.  Star  position  jumped  when  limited  and  in  a turn. 

2)  EADI.  FPA  symbol  had  a lag  at  takeoff. 

3)  EADI.  Flight  director  and  circle  command  were  noisy  (suspected  because  of 
unmodified  INS  resolution). 

4)  EADI.  Runway: 

a)  Centerline  upwards 

b)  Runway  X,  Y limits  too  small 

c)  Runway  outline  error  during  takeoff  when  symbol  should  have 
disappeared 

5)  MFD.  Track  angle  ratcheting  occurred  when  turning  at  high  rate  on  the 
ground.  Update  rate  to  the  display  was  approximately  1/sec;  it  should  be 
20/sec. 

6)  N.iv.  Position  changes  on  the  ground  were  caused  by  INS  Schuler  velocities. 
INS 

• SN  094  had  excessive  Schuler  velocity  errors  and  a 0.4  true  heading  error  with 
respect  to  the  other  INS. 

• SN  766,  unmodified,  had  adverse  effects  on  EADI  symbology. 
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The  systems  were  realigned  at  KMWH. 

Performance  summary 

was  as 

follows: 

INS  No. 

ALAI 

(min) 

Al  ON 
(min) 

ACS 

(kt) 

KBFI  to  KMWH 

Nav  time:  4.0  hr 

1 

-1.9 

-17 

1 

Flight  time:  3.0  hr 

2 

+0.5 

+0  9 

2 

3 

-0.7 

1 3 

7 

NCIJ 

-0.1 

-0.7 

0 

KMWH  to  KBFI 

Nav  time:  2.6  hr 

1 

-l.l 

2 2 

2 

Flight  time:  2.3  hr 

2 

+0.6 

-2  0 

I 

3 

-l.l 

*0.4 

X 

NCIJ  0 


41)  time  error  summary  was  as  follows: 


Evaluation  (MWH) 

SID  GRA32R 

-:01 

STAR  CON32R 

+ :08 

SID  POW32R 

00 

STAR  SIP32R 

+.01 

SID  GRA32R 

-.06 

STAR  CON32R 

+:02 

STAR  SUL32R 

:00 

SID  POW32R 

-:05 

Displays 

• New  memory  sense  amplifiers  were  installed. 

• No  memory  parities  were  detected  in  flight,  but  there  was  one  occurrence  prior  to 
flight. 

• Numerous  Nav  interface  errors  were  detected.  (Note  there  had  been  none  on 
previous  flights.) 

• Intermittent  problems  with  tag  jumping  occurred  prior  to  flight. 

• No  software  problems  occurred. 

• The  new  manual  control  ILS  symbol  (black  cross)  was  mechanized. 

Flight  6-2,  February  14,  1974 

Departure  from  KBFI  was  via  departure  turn  Sll)  BCR  1 3R  en  route  to  KPAE  where  an 
approach  was  made  via  curved,  descending,  decelerating  SI  AR  EDM  1 6.  Both  of  these  flight 


» 


t 


t 


; 

( 


segments  were  flown  using  vertieal-deviation-only  guidance.  Operational  evaluation  (lights 
were  then  flown  out  of  KPAE.  Departure  for  the  first  flight  was  via  standard  path  Sll) 
LOFI6  using  vertical-deviation-only  guidance  and  an  approach  using  STAR  MOUI6,  a 
two-segment  path,  with  vertical-deviation-only  guidance.  Departure  for  the  next  (light  was 
via  close-in  turn  SID  GLE16  with  vertical-deviation-only  guidance,  and  the  approach  was  via 
standard  path  STAR  ARLI6.  The  fourth  flight’s  departure  was  via  standard  path  Sll) 
LOF16  using  path  perspective  command  guidance.  The  approach  was  via  curved, 
descending,  decelerating  STAR  EDM  1 6 using  path  perspective  situation  guidance. 

Departure  from  KPAE  for  KBF1  was  via  close-in  turn  Sll)  C.LE16  using  path 
perspective  situation  guidance.  The  en  route  portion  of  the  flight  to  KBF  1 was  4i)  coupled 
with  the  automatic  coupled  approach  via  two-segment,  straight,  decelerating  STAR  KIT  13R 
with  transition  to  an  autoland. 

System  Performance  Comments 

Navigation-No  hardware  problems  existed. 

• The  bad  INS  SN  748  and  the  length  of  time  in  1XD  mode  due  to  inadequate  DME 
coverage  contributed  to  large  errors  at  touchdown  (XTKE  = 0.35R,  1 . 15R,  0.46 L, 
0.71  L,  and  0.63R).  Several  software  changes  will  be  incorporated  to  alleviate  this: 

1 ) Decrease  geometry  restriction  for  station  2 to  30®  > bearing  > 1 50  (was  45 
and  135°). 

2)  Increase  the  second  station  search  to  four  stations  (was  two). 

3)  Retain  velocity  correction  terms  for  5 min  (was  I 5 sec). 

4)  Use  INS  SN  406  in  No.  2 position. 

5)  Add  Whidbey  Island  (NUW)  to  bulk  data. 

• Wind  calculation  was  in  error  on  the  ground  and  at  low  speed  due  to  TAS 
stopping  at  160  to  180  kt.  (Software  limit  is  set  to  150  kt.)  It  was  suggested  that 
entering  a SID  on  the  NCDU  will  clear  out  ATC  and  FLT  PLN  will  be 
incorporated. 


• INS  SN  748  showed  large  groundspeed  discrepancies  during  turn  as  experienced 
on  flight  6-1 . Maximum  observed  error  was  1 7 kt  at  90®  heading.  This  system  was 
rejected  after  this  flight. 

• INS  SN  094  had  an  8-kt  groundspeed  error  during  a stop  at  KPAE  and  showed  up 
to  9-kt  discrepancies  in  flight. 
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Performance  summary  was  as  follows: 


AGS 

(kt) 


INS  No. 


ALAT 

(min) 


Nav  time 
Flight  time 


A LON 
(min) 


4.5  hr 

1 

-0.4 

+0.1 

1 

2.3  hr 

s 

■0.9 

-0.9 

1 

3 

-0.5 

+0.3 

8 

NCU 

-0.3 

-1.2 

0 

4D  time  error  summary  was  as  follows: 
En  route 


KBF1  to  KPAE 

+ :0I 

KPAE  to  KBFl 

+ .24 

Evaluation  (KPAE) 

SID  LOFI6 

:00 

SID  LOF16 

-:06 

STAR  EDM  16 

+ : 10 

Displays 

• Problems  at  power-on  delayed  the  flight;  they  were  eventually  cured  when 
memory  was  reloaded. 


• No  new  problems  occurred. 

• There  were  no  software  problems  after  reload. 


• FPA  on  the  EADI  was  bad  on  the  ground. 

• HRAD  limit  was  1 ft  and  will  change  back  to  5 ft. 

• SCMD  (Acceleration  Command)  was  noisy  ai  limes. 

• DA  errors  due  to  bad  navigation  were  obvious  on  the  EADI. 


Flight  6-3,  February  15,  1974 

Departure  from  KBF1  for  KMWH  was  via  departure  turn  SID  BUR13R  in  the 
automatic  mode.  The  en  route  portion  of  the  Bight  was  performed  4D  coupled  with  the 
approach  to  KMWH  via  curved,  descending,  dccelemting  STAR  EPH32R,  followed  by 
successful  transition  to  an  autoland. 

The  first  ADEDS  evaluation  flight  depaituie  was  via  close-in  turn  SID  POW32R  using 
flight  director  guidance.  The  approach  was  via  iwo-segme"  STAR  COR32R,  also  using 
flight  director  guidance.  The  second  operation  evaluation  flight  departure  was  via  departure 
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turn  SID  GRA32R  using  lliglit  director  guidance,  followed  by  en  route  to  KPA1  41) 
coupled  The  approach  to  KPAE  was  via  standard  path  STAR  ARL16  using  tliglit  director 
guidance  A touch-and-go  autoland  was  made  at  KPAE  followed  by  a 41)-couplcd  lliglit  to 
KBF1,  with  transition  to  autoland. 

System  Performance  Comments 

Navigation 

• Cell  377  cannot  be  used  for  software  as  it  is  written  into  by  DMA. 

• No  software  problems  were  reported. 

• Navigation  accuracy  was  OK  since  the  INS  No.  2.  SN  74X.  nad  been  replaced  by 
SN  406. 

• XTKE  at  touchdown  were  0.1  3L,  0.06L  at  KMWH,  0 35L  at  KPAE  and  0.45R 
at  KBFl. 

No  software  changes  occurred  since  last  lliglit  except  the  localizer  and  glide  slope  data 
in  the  NCU  were  recorded. 


INS  Miscellaneous  GS 
was  as  follows: 

difference  observed 

in  (light 

was  4 kt.  Performance  summary 

INS  No. 

SN 

A LAT 
(min) 

A LON 
(min) 

AGS 

(kl) 

1 

766 

0.1 

0.1 

1 (peaked  at  2) 

2 

406 

-4.3 

-1.0 

2 (ramped  to  6 after 
1 hr) 

3 

094 

-1.0 

-1.7 

2 (peaked  at  6) 

Displays  There  was  no  change  in  status.  The  following  problems  were  still  occurring. 

• Memory  parity  errors  occasionally 

• Displaced  EADl  at  turn-on 

• Intermittent  loss  of  calligraphics  in  EADl 

• Unstable  text  position  (Y-axis  jitter)  on  the  MED  at  initial  turn-on 

• Symbols  not  closing  correctly 

Flight  6-4,  February  18,  1974 

Departure  from  KBFI  was  via  departure  turn  SID  BUR13R  using  flight  director 
guidance.  The  flight  to  KPAE  was  coupled  via  radar  vectoring  with  the  approach  via 
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standard  STAR  CAN  16.  terminating  in  a transition  to  an  autolaml  and  full  D"C  l" 
weather  conditions,  additional  testing  was  cancelled,  and  a direct  (light  from  M Ah  to  KB1  1 
was  made  41)  coupled  with  an  autoland  at  KBIT 

System  Performance  Comments 

Salivation  System 

• There  were  no  hardware  problems. 

• Navigation  performance  was  improved  using  station  NUW.  XIKh  errors  at 
touchdown  were  0.1  7 R and  0.0SL. 

• Mode  panel  31)  amber  flashing  was  intermittent. 

• 1 ADI  pitch  flight  director  was  noisy  at  low  speeds. 

• LAND  mode  annunciation  came  up  wrong  on  NC  DC. 

• Request  was  made  that  NCDU  NAV  DATA  1 page  errors  not  be  blanked  at  the 
end  of  the  path. 

j\S  SN  044  continued  to  show  large  Schuler  errors.  Performance  summary  was  as 
follows: 

INS  No.  ALAT  A LON  AGS 

(min)  (min)  (kt) 

Navtime:  2.5  hr  1 0 4 0 7 ’ 

Flight  time:  0.81  hr  2 -0.3  0.7 

3 0.4  14  11 

NCU  000 


Flight  6-5,  February  20,  1974 

Departure  from  KBF1  en  route  to  KMW11  was  an  automatic  departure  turn  SID 
BUR13R  En  route  to  KMWH  numerous  cheeks  were  made  on  autopilot  modes  during 
coupled  night.  The  approach  to  KMW11  was  via  curved,  descending,  decelerating  STAR 
EPH32R  with  automatic  transition  to  an  autoland.  A racetrack  course  was  established  to 
perform  three  additional  autolands.  After  the  last  autoland,  a lull  stop  was  made  in 
preparation  for  the  following  ADEDS  evaluation  flights. 

The  first  flight  departure  was  via  noise  abatement  SID  DOUo2R  using  vertical- 
deviation-only  guidance,  and  the  approach  was  via  standard  STAR  W1N32R lusingl  *8* 
director  guidance.  The  second  flight  departure  was  via  noise-abatement  s'D  DOU32R  using 
path  perspective  situation  guidance,  and  the  approach  was  via  standard  STAR  3_R 
using  path  perspective  situation  guidance.  Departure  for  evaluation  flight  three  was  via 
close-in  turn  SID  MAE.14L  using  vertical  plus  waypoint  guidance,  and  the  approach  was  via 
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curved,  descending,  decelerating  STAR  SIP32R  using  vertical  plus  waypoint  guidance. 
Departure  lor  flight  four  was  via  standard  Sll)  POI32R,  and  the  approach  was  via 
two-segment  SI  AR  COR32R.  Both  of  these  used  (light  director  guidance. 

Departure  from  KMW1I  for  KBF1  wa.  via  noise  abatement  SID  DOU32R  using  flight 
director  guidance.  1 he  cn  route  segment  was  flown  41)  manual  with  the  approach  to  KBI  I 
via  curved,  descending,  decelerating  STAR  TIG13R  with  transition  to  autoland  lor  landing 
at  KBI7 1. 

System  Performance  Comments 
Navigation 

• No  hardware  problems  occurred. 

• Navigation  was  satisfactory  with  30°  hearing  limitation,  and  10-min  velocity 
correction  retention. 

• Four-station  search  was  still  not  operative. 

• Recorded  XTKL  at  touchdown  were  0.I5L,  0.24L,  0.15L,  0.10L,  0.05L, 
and  0 I4L. 

• Nav  autotune  problem  developed  twice  with  1DX  mode,  and  Retunc  Navaid  2 
message  when  station  2 was  good.  Manual  tuning  via  NCDU  of  the  same  station 
cured  the  problem.  Also,  IXX  mode  was  achieved  instead  of  1DX  when  overflying 
station  2. 

• MFD  ratcheting  on  ground  was  OK  with  new  INS  software  giving  true  heading 
5°/see  output  rate. 

• Autothrottle  was  very  active  when  Hying  manually. 

INS-  New  software  (TH  at  5°/sec)  was  loaded  io  all  three  systems,  and  no  new 
problems  developed.  Systems  were  realigned  at  KMWH  Performance  summary  was  as 
follows: 

INS  No.  A LA  T A LON  AGS 

(min)  (min)  (kt) 

KBFI  to  KMWH 


1 


INS  So. 

ALAI 

(min) 

A 1 OS 
i min ) 

A C.S 
(kt) 

KMwii  to  k m i 

Nav  time:  2.0  hr 

1 

0.4 

-1.2 

1 

1 light  time:  1 .5  hr 

T 

0.3 

0.2 

1 

3 

0.4 

-1.7 

3 

\(  D 

0.1 

0.2 

0 

41)  time  error  sunnnaiw  was  as  lollows 


I n route 

KBFI  to  KMWH  + 03 

KMWIItoKBII  +:0: 

1 valuation: 

S1DDOU32R  +.01 

STARWIN32R  +05 

SIDDOU32R  43 

STARWIS3  2K  +03 

S1DMALI4L  +01 

STAR  S1P32R  + :0N 

SID  MAL  1 4 L + 01 

STAR  S1P32R  + 12 

SID  POT32R  -.19 

STAR  COR32R  + :06 


Displays 

9 Startup  symbology  jitter  parity  errors  and  brief  shutdown  in  flight  oeeurred 

• All  RADI  symbols  using  pitch  angle  in  the  display  system  showed  intermittent 
jitter.  A/D  problems  were  suspected. 

• The  pilot  did  not  like  the  scale  displays  of  LOC  and  GS.  but  it  will  be  retained  lor 
further  evaluation 

• EADI  runway  symbology  repeatedly  went  wrong  in  a takeoff  situation. 

Might  6-6.  February  21,  1974 

Departure  from  KBE1  was  via  an  automatic  SID  BUR13R  with  the  en  route  segment  to 
KMWH  being,  flown  4D  coupled  with  the  automatic  approach  to  KMWH  via  curved, 
descending,  decelerating  STAR  EIM132R  An  autoland  was  made  with  i lull  stop  in 
preparation  for  performing  the  following  ADEDS  evaluation  I lights. 

The  initial  flight  departure  was  close-in  turn  SID  POW32R,  and  the  approach  was  via 
two-segment  STAR  COR32R  with  both  segments  using  vertieal-deviation-only  guidance. 
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1 lie  second  (light  included  l lie  Mime  SI  1 J SI  \K  combination.  Ini t pxitli  perspective  situation 
guidance  was  used  Similarly,  the  third  lliglil  included  the  same  SID/STAR  combination, 
but  path  perspective  command  guidance  was  used  file  fourth  flight  departure  was  via 
departure  turn  SID  GRA32R  using  flight  director  guidance,  and  the  approach  was  via 
two-segment  STAR  (ON'2R  also  using  lliglit  director  guidance,  lhe  filth  flight  departure 
was  via  close-in  turn  Sll)  POW32R,  and  the  approach  was  via  two  segment  STAR  COR32R 
with  both  segments  using  lliglit  director  guidance.  The  sixth  flight  included  the  same 
Sll)  STAR  combination  as  lliglit  live,  but  vertical  plus  was  point  guidance  was  used,  lhe 
final  evaluation  lliglit  departure  was  via  noise-abatement  SID  DOIJ32R,  and  the  approach 
was  via  curved,  descending,  decelerating  SIAR  SIP32R  with  both  segments  using  lliglit 
director  guidance 

flic  departure  for  KBFI  was  an  automatic  noise -abatement  SID  DOU32R  with  the 
lliglit  to  KBFI  41)  coupled  with  the  approach  via  curved  descending,  decelerating  STAR 
11(3 1 3 R with  transition  to  an  autoland  at  KBI  I. 

System  Performance  Comments 

Xu)  i&ition 

• New  mechanization  of  higher  gains  and  3-sec  lag  made  flight  director  guidance 
acceptable. 

• Navigation  errors  at  touchdown  were  0.28L,  0.01 1, 0. 1 I 0.30L  O.03R,  O.03R, 
0.I2L.,  and  0 0IL  at  KMWH  and  0.07P  at  KBI  I I his  was  exceptional  considering 
that  Id’ll  was  off  the  air  part  of  the  time. 

IXS  Performance  summary  was  as  follows: 


INS  No. 

SN 

ALAI 

(min) 

A 1 ON 
(min ) 

ACS 
(kt  ) 

Nav  time:  6.6  hr 

1 

766 

1.8 

2.6 

a 

Flight  time:  6.1  hr 

2 

406 

-6.0 

1.2 

3 

3 

094 

1.6 

0 1 

8 

4D  tune  error  summary  was  as  follows: 


bn  route 


KBFI  to  KMWH 

+.16 

KMWH  to  KBFI 

-:46 

Evaluation  (KMWH) 

SID  POW32R 

-:20 

STAR  COR32R 

+ 04 

SID  POW32R 

-:36 

STAR  COR32R 

+ .0ft 

SID  POW32R 

-1:01 

r 


STARCOR32R  + 19 

SIDGKA32R  22 

STAR  CON32R  00 

SIP  POW32R  00 

STAR  COR32R  +07 

SID  POW32R  24 

STAR  COR32R  - 05 

Sll)  DOU32R  00 

STAR  SIP32R  + 16 


Displays  There  were  no  new  problems. 

Flight  6-7.  February  22  1974 

llus  lliglit  provided  two  demonstration  flights  lor  representatives  Irom  the  1AA  and 
Irom  Hoeing  inaiiagenient  I ach  lliglit  departure  Irom  KHI  I was  an  automatic  departure 
turn  SID  BUR  13 R I he  en  route  segment  to  KPAl  was  -ID  coupled  with  an  automatic 
approach  via  curved,  descending  decelerating  STAR  I DM  16,  ending  in  an  autoland 
transition  and  landing.  The  departure  from  KI’AI  was  coupled  via  elose-in  turn  SII)(iL.l.l6 
with  the  cii  rou I e segment  to  KHI  I 41)  coupled  The  automatic  approach  to  KHI  I was  via 
curved,  descending,  decelerating  STAR  1IC113R  with  transition  to  an  autoland  at  KHI  I 

System  Performance  Comments 

Navigation 

• Problem  oceui red  again  when  Retime  Navaid  No.  2 message  came  up  and  locked 
Nav  m IXX  until  No.  2 was  manually  tuned. 

• Other  shortcomings  were  noticed  and  changes  will  be  made  to  correct  them: 

1 1 EAD1.  FPAC  went  offscreen  in  “Takeoff”;  will  limit  to  10° 

2)  MFD.  Alt  Range  symbol  was  too  noisy;  3-see  filter  will  be  added. 

• Nav  errors  at  “Touchdown”  were  0.I4L  and  0.1  1 L at  KPAL:  and  0.07L  and 
0.02R  at  KHF1. 

• Test  instrumentation  reported  intermittent  ARINC  clock  output  fluctuation. 

INS  Terminal  errors  were  as  follows: 


INS  No. 

A L.A1 

A L ON 

AGS 

(min) 

(min) 

(1st) 

Flight  A 

Nav  time:  1.8  hr 

1 

0.3 

+ 0.1 

1 

Flight  time:  1.2  hr 

s 

0.1 

+0.7 

*> 

3 

-0.3 

+0.2 

5 

NCU 

+0  1 

0 

— 

5 


r 


INS  No. 

ALAI 

A LON 

AGS 

(min) 

(inin) 

(kt) 

lit  B 

Nav  time:  2.0  hr 

1 

+0.4 

+0.7 

1 

Flight  time:  1.2  hr 

2 

0.3 

+0.9 

1 

3 

0.2 

-0.2 

3 

NCU 

0 

0 

41)  time  error  summary  was  as  follows: 


En  route 

KPAE  to  KBF1 

-:07 

KB  FI  to  KPAE 

.00 

KPAE  to  KBFI 

-.03 

Displays  Many  parity  errors  in  flight,  and  intermittent  UADI  problems: 

• Pitch  jitter  A/D  converter  suspected 

• Cirele  symbol  not  clear 

• UADI  left-hand  side  blank 
Flight  6-X,  February  25,  1974 

This  was  a demonstration  flight  including  one  flight  to  KPAE  and  return  to  KBF1.  The 
flight  details  are  the  same  as  those  given  for  flight  6-7. 

System  Performance  Comments 

Navigation 

• The  smoothed  Altitude  Range  symbol  fioze  at  ±0 

• Bulk  data  changes  were  necessary  to  reference  all  KPAE  GRP’s  to  NUW  (Whidbey 
Island) 

• Unexplained  errors  in  touchdown  time  were  reported. 

• EADI  runway  (DA  unfiltered)  and  potential  gamma  ( 10° limit)  changes  were  OK. 

• Navigation  XTKE’s  at  touchdown  were  0.1 5L  and  0.05L  at  KPAE  and  KBF1, 
respectively. 


2° 


/VS  Performance  summary  was  a.>  follows: 


INS  No. 

SN 

ALAI 

uum) 

A 1 ON 
(min) 

AGS 

(kt) 

1 

766 

1.0 

1.2 

2 

s 

406 

-0.3 

0.5 

1 

3 

094 

-0.3 

-0.6 

4 

N ( U 

0 

0 

0 

41)  time  error  summary  was  as  follows: 
r.n  rou'e 

Klfl  I to  kl’AI  - : 04 

KPAI  toKBM  : 00 

Display  s 

• Numerous  parity  errors  occurred,  anil  a tape  reload  was  necessary 

• The  INS  invalid  cross  on  the  L \l)l  occurred  intermittently  when  the  INS  valid 
was  OK 

Flight  6-9,  February  26,  1974 

The  departure  from  KBE1  was  via  noise  -abate  mi  nt  S 1 1)  SUMI3R  using  Might  director 
guidance.  En  rout  * to  KMWIl,  the  display  system  developed  major  problems  that  precluded 
evaluation  ol  any  flight  conditions.  The  approach  to  KMWIl  was  an  automatic  approach  via 
curved,  descending,  decelerating  STAR  EPH32R.  Ellorts  to  conect  the  display  system 
problems  were  unsuccessful,  and  the  decision  was  made  to  return  to  KBFI.  The  departure 
was  via  noise-abatement  SID  DOU32R  and  the  approach  to  KB1  I was  via  two-segment, 
straight,  decelerating  STAR  KIT13R  The  return  Might  was  flown  41)  coupled  and  an 
autoland  was  accomplished  at  KBFI. 

System  Performance  Comments 

Art  vigation 

• Autotune  No.  I station  tuning  not  reliable . suspected  that  the  tuning  problem  had 
not  been  solved  by  changing  RNI  cards  in  the  NCU 

• 1X1)  mode  and  station  search  frozen  on  OLM 

• NCDU  keyboard  hung  up;  ATC  CLR  key  sticking  suspected 

• Takeoff  from  KMWIl  with  NO,  E0  position,  and  no  GMT  because  of  operator 
errors  (twice) 
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• Versme  function  and  new  mechanization  of  Altitude  Range 

• Navigation  XlKEat  touchdown;  0.2  I L at  KMWI1  and  0.15Rat  KBH 

INS  Realignment  took  place  at  90°  heading  at  KMW11.  System  performance  summary 
was  as  follows: 


INS  No. 

ALAI 

A LON 

A ( iS 

(min ) 

(min) 

(kt) 

Nav  time:  2.2  hr 

I 

-0.1 

+0.3 

1 

Flight  time:  0.7  hr 

-1.0 

+0.1 

1 

3 

-1.2 

-2.6 

2 

Nav  time:  1.2  In- 

1 

0.3 

-0.9 

1 

Flight  time:  0.8  hr 

i 

0.4 

+0.1 

1 

3 

0 4 

-1.3 

4 

Displays  Hie  display  system  was  down  most  of  the  way  to  KMW11.  Problems  were: 

• Memory  wiped  by  a hydraulic  switching  transient  during  ground  startup 

• Unable  to  reload 

• Jittery  EADI  roll 

• A glitch  in  MED  Alt  Range  symbol 
Flight  6-10.  February  27,  1974 

The  departure  from  KBFI  was  coupled  via  departure  turn  SID  BUR13R  en  route  to  a 
test  path  from  Port  Angeles  to  Portland  to  Olympia  and  terminating  at  KPAE.  This  test  path 
was  flown  to  support  engineering  acceptance  of  fixes  incorporated  as  a result  of  problems 
encountered  during  flight  6-9.  The  test  conditions  included  4D-coupled  flight  with  various 
mode  checks  and  one  manual  and  two  autolands  at  KPAE.  Following  the  completion  of  this 
acceptance  testing,  the  operational  evaluation  testing  continued. 

There  were  two  evaluation  flights  flown  The  departure  for  the  first  flight  was  'da 
close-in  turn  SID  GLE16  using  (light  director  guidance.  The  approach  was  via  straight, 
decele  ating  STAR  EDI  16  using  vertical-deviation-only  guidance.  The  departure  for  the 
second  flight  was  via  close-in  turn  SID  GEE  1 6 using  vertical  plus  waypoint  guidance,  and 
the  approach  was  via  straight,  decelerating  STAR  EDI  16. 

The  departure  from  KPAE  for  KBFI  was  via  standard  path  SID  LOF16.  and  the 
approach  to  KBFI  was  via  curved,  descending,  decelerating  STAR  TIG13R  followed  by  an 
autoland.  This  flight  was  4D  coupled. 
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System  Performance  Comments 

Xavifiution  DM  I No.  2 Ireijiiently  dropped  out  during  tins  flight,  both  in  N(  !)l 
tuning  and  manual  tuning  modes. 

Software  problems  noticed  were: 

• Altera  R1  J R 1 J ot  a provisional  clearance  41)  could  not  be  obtained. 

• MFD.  ADIZ  line  was  on  4 nmi/in  . but  lot  on  2 or  N.  Pilot  objected  to 
alphanumeric  overwriting 

• Aulolune  was  not  searching  for  new  No.  I when  geometry  went  bad.  and  did  not 
go  to  11)X  when  No.  2 went  bad  and  No.  1 was  good  but  with  bad  geometry. 

• Navigation  drill  occurred  on  the  ground  when  GS  was  less  than  5 kl 

• SI  1 mode  waypoint  entry  locked  out  PPOS  waypoint  entry  on  the  A 1C 
C'L.K  mode. 

• Aulolune  When  a No  2 had  been  manually  tuned  through  the  NC'DU  and  then 
rejected,  it  did  not  update  at  the  next  leg  midpoint. 

• SI:  I page  had  ??  on  line  5. 

• Navigation  XIKI  at  touchdown  were  0.01  R,  O IL,  0.32L,  0.S0L,  and  0.065  at 
KPAF,  and  0.04R  at  RBI  1.  There  was  no  apparent  reason  for  the  0.80L  because 
most  of  the  path  was  IDD.  The  only  difference  was  that  OLM  and  BIT  and  01  M 
and  NUW  were  used;  normal  auiotui.e  uses  SEA  and  NUW  on  these  approaches. 

• 41)  guidance  time  error,  estimated  time-of-arrival,  and  GMT  appeared  to  be 
inconsistent  at  the  end  of  the  path. 

INS  SN  094  had  an  18-kt  groundspeed  error  during  the  third  stop  at  KPAE  and  had  to 
be  realigned  Performance  summary  was  as  follows' 


INS  No. 

ALAT 
(min ) 

A LON 
(min) 

AGS 

(kt) 

KBF1  to  KPAL 

Nav  time:  5.9  hr 

1 

1.8 

0 1 

4 

Flight  time:  5.3  hr 

i 

3.0 

-0  4 

3 

3 

-0.4 

-2.4 

18 

I(TS 


Path  oil  set  occurred  and  gradually  cured  itself. 


System  Performance  Comments 


Navigation 

m EADI  “Star  and  Circle”  portion  jumps  observed  at  13.54:51,  apparently  due  to 
loss  of  pitch  from  the  1CPS. 

• EADI.  Acceleration  command  symbology  jumped  intermittently  at  17.13:30 

• EADI.  Runway  symbology  blew  up  after  crossing  the  approach  threshold 

• MED.  Alt/Range  symbol  computation  was  wrong. 

• MFD.  One  turn-point  tick  mark  was  missing. 

• GU1D.  Vertical  path  capture  would  not  occur. 

• NCDU.  New  mechanization  of  ETA  and  TE  on  last  legs  was  OK  but  did  cause 
jump  in  ATE  of  up  to  20  sec. 

• NAV.  Errors  at  touchdown  at  KMWH  were: 

0.1 1R  (rwy  32),  0.0  (rwy  21),  0 1 L (rwy  21),  0.15R  (rwy  32),  0.50R  (rwy  32), 
0.88R  (rwy  32),  0.77R  (rwy  32),  and  0.48R  (rwy  32). 

The  error  at  KBF1  was  0. 1 4R  (rwy  16) 

INS- Performance  summary  was  as  follows: 


INS  SN 

ALAT 

A LON 

AGS 

(mi:-) 

(min ) 

(kt) 

Navtime:  6.3  hr 

766 

0.1 

3.2 

2 

Flight  time:  3.4  hr 

406 

7.1 

-2.9 

4 

094 

2.9 

0.8 

11 

4D  time  error  summary  was  as  follows. 


En  route 

KBF1  to  KMWH  -:10 

KMWHtoKRFl  -1:01 

Evaluation 

SID  TAN14L  -:22 

STAR  WEN  14L  +.17 

SID  TAN14L  -.03 

STAR  WEN14L  + 05 


t 


Displays 

• Mi  l)  C uivod  1 lend  Vector  segments  were  disassociated,  giving  the  appearance  ot 
a crooked  line. 

• MFI).  Path  conics  were  intermittently  wrong,  i.e.,  double  are  length  (could  be  a 
Nav  software  problem). 

• l-ADI  Attitude  invalid  cross  was  still  inhibited  because  it  appeared  when  it 
should  not. 

• MT  I)  lag  jumping  pioblcm  persisted  and  will  continue  until  a new  power  supply 
is  obtained 

Flight  6-12,  March  5,  1974 

Departure  from  KOFI  was  via  departure  turn  SID  IHJRI3R  I he  departure  and  en 
route  segments  to  KPAE  were  flown  41)  coupled.  The  approach  to  KPAI  was  via 
two-segment  SID  MOUI6  using  lliglit  director  guidance.  Following  this  approach  and 
transition  to  autoland,  one  additional  autoland  was  accomplished,  ending  in  a full  stop  in 
preparation  lor  ADEDS  evaluation  testing. 

The  departure  for  the  ADEDS  evaluation  flight  was  via  standard  SID  LOFI6.  and  the 
approach  was  via  two-segment  STAR  MOUI6  with  both  segments  using  flight  director 
guidance.  The  (light  from  KPAE  to  KBE1  was  coupled  with  the  departure  via  close-in  turn 
SID  GLE 16  and  the  approach  to  KBFI  via  curved,  descending,  decelerating  STAR  T1GI3R 
The  landing  at  KBFI  was  manual. 

System  Performance  Comments 

Navigation 

• Roll  input  was  lost  from  the  ICPS  (ICPS  software  error).  No  pitch  glitches 
occurred  as  in  flight  6-1  1 . 

• MFD.  Alt  Range  pitch  worked  OK. 

• GUID  VNAV  capture  logic  error  was  found  and  corrected. 

• FADE  Acceleration  command  jumped  only  when  reaching  MMq  and  VMQ  limits. 

• Nav.  XTKE  at  touchdowns  were  0.02,  0.01 , 0. 1 2R  and  0 01  at  KPAE  and  O.ObL 
at  KBFI 


• MED  LAI  line  45N  appeared  on  b mni  in  when  it  should  not. 

• AUTOTUNE  did  not  define  NAV  AID  No.  1 on  a PPOS-SEA-PDX  clearance  and 
also  did  not  update  to  PDX  at  midpoint. 


• NCDU  ATC  Cl  K I ill ry  of  a PTA  in  A 1C  Cl  R did  not  work  correctly;  13,30 
came  up  at  1 3.03. 

• NAV  XTKI  errors  at  touchdown  were  0.0,  0.0,  at  KPDX,  0.30R  and  0.20R  at 
KSEA  and  0.081  at  KOFI. 


/NS  Groundspeed  discrepancies  of  28-kt  occurred  on  SN  094  in  flight,  Performance 
summary  was  as  follows: 


INSSN 

A L AI 

(min) 

AEON 
(min  i 

AGS 

(kt) 

KBFI  to  KPAE 

Navtime:  3.2  hr 

766 

0.3 

1.6 

2 

Flight  time:  2.9  hr 

406 

-0.2 

1.6 

2 

094 

-0.4 

6.9 

20 

KPAE  to  KBFI 

Navtime:  2.2  hr 

766 

-0.1 

-0.4 

3 

Flight  time:  1.8  hr 

406 

-1.2 

-0.1 

3 

094 

-1.7 

-2.0 

8 

4D  time  error  summary  was  as  lollows. 


En  route 


KBFI  to  KPAE 

+ 1 : 06 

Evaluation  (KPAE) 

SID  LOFI6 

+ 01 

STAR  MOU16 

+ .10 

Displays  No  new  problems  occurred. 

Flight  6-13,  March  6.  1974 

Departure  from  KBFI  was  via  departure  turn  SID  BUR13R  using  path  perspective 
situation  guidance.  The  en  route  segment  to  KMWH  was  4D  coupled  and  included 
evaluation  of  several  ADEDS  display  modes  and  autopilot  functions.  The  approach  to 
KMWH  was  via  standard  STAR  ROY2I  using  path  perspective  situation  guidance.  The 
transition  to  autoland  was  completed  successfully,  but  the  autoland  was  aborted  at 
approximately  350  min  due  to  poor  trim  of  the  airplane. 

Following  a full  stop,  an  ADEDS  evaluation  flight  was  performed.  The  departure  for 
this  flight  was  via  close-in  turn  SID  EPH2I,  and  the  approach  was  via  curved,  descending, 
decelerating  STAR  EPH32R.  Both  segments  of  this  flight  used  path  perspective  situation 
guidance. 


Prior  to  departure  for  KBFI,  three  additional  autolands  were  performed.  The  departure 
from  KMWH  for  KBFI  was  via  standard  SID  POT32R  using  path  perspective  situation 


guidance.  Following  a 41)-coupled  flight  to  KBFI,  an  approach  via  curved,  descending, 
decelerating  STAR  IIGI3R  was  made  to  KBFI  using  path  perspective  command  guidance. 
The  ensuing  autoland  was  discontinued  and  the  touchdown  was  manual. 

System  Performance  Comments 

Navigation 

• FADI.  Intermittent  pitch  glitches  just  alter  takeoll 

• Mi  l).  Time  hox  position  indeterminate  when  PTA  put  in  was  earlier  than  the 
start  ol  the  path 


• MFD.  Lrroneous  path  lines  noticed  at  a time  when  there  was  had  geometry 

• NAN  Large  Nav  errors  (>  I nmi > in  1X1)  over  KMWII 

• NC|)U.  * urge  Tl.  jump  when  went  to  last  leg.  i.e..  TE  0-42-24.  23  etc. 

• TEST.  Output  ARINC  561  clock  lre<]uency  with  1 0rA  instability  variation 

• MFD.  Alt  Range  not  correct 

INS  Performance  summary  was  as  follows: 


INS  SN 

ALAT 

A 1 ON 

AGS 

(min) 

(mini 

(kt) 

Nav  time:  4 6 hr 

766 

-0.8 

-1  1 

2 

Flight  time:  3.1  hr 

406 

-0.8 

0.1 

3 

094 

-2.1 

-4.3 

10 

NCU 

0 

0.4 

0 

41)  time  error  summary  was  as  follows 


En  route 

KBFI  to  KMWII  +.10 

KMWH  to  KBFI  - 05 

Evaluation  (KMWH) 

S1DEPH21  +:06 

STAR  EPH32R  + :06 


Displays 

• EADI  extraneous  test  pattern  data  appeared  intermittently . 

• Input  buffer  overflow  indicated  by  halting  once  in  flight. 


Flight  6-14.  Man'll  7,  1974 


Departure  from  Kill  1 was  via  departure  turn  Sll)  BURI3R  in  the  4D-couplcd  mode. 
I lie  en  route  flight  was  41)  coupled,  and  the  approach  U KMWll  was  via  curved,  descending, 
decelerating  STAR  SIP32R.  Aftei  a lull  stop,  two  autolands  were  performed,  followed  by  a 
depaitnre  for  kill  I via  close-in  turn  SID  TUM32R  for  a 41)  coupled  flight  to  KBI  1 via 
curved  descending,  decelerating  STAR  T1GI3R  with  transition  to  an  autoland 

| IPs  lliglit  included  demonstrations  for  the  IJS\F  representatives  who  had  arrived  at 
Boeing  aboard  the  "Speckled  Trout.”  Following  this  flight,  the  ADI  l)S  engineers  were  given 
■ - tight  aboard  the  “Speckled  I roul”  similar  to  the  one  described  above. 


a demonstration 


System  Performance  Comments 


Xu  vigu  t ion 

• MFD  Alt  Range  symbol  was  fixed  in  llight. 

• Nav  1 1) V mode  was  mechanized  with  a 20  nmi  maximum  range  limit. 

• Nav  errors  XTKE  were  0.47R  and  0.1  at  KMW11,  and  0 14  at  KBI  1 


JXS  Performance  summary  was  as  follows: 


Nav  time: 
Flight  time: 


INS  SN 


3.0  hr  766 

2 5 hr  406 

094 

NCU 


A L AT 

A LON 

AGS 

(min) 

(min) 

<kt) 

1.0 

-0.9 

1 

-0.4 

-0.3 

2 

-1.0 

-0.9 

4 

0.2 

0.4 

0 

4D  time  error  summary  was  as  follows  . 


En  route 

KBFItoKMWH  +:07 

KMWHtoKBFl  01 

Displays— There  were  no  new  problems. 

Flight  6-15,  March  8,  1974 

The  departure  from  KBF1  was  via  departure  turn  SID  BURI3R  using  path  perspective 
situation  guidance.  Velocity  CWS  was  evaluated  en  route  to  KMWH  with  the  approach  being 
made  via  curved,  descending,  decelerating  STAR  S1P32R,  using  vertical  plus  waypoint 
guidance.  Following  a full  stop,  an  ADEDS  evaluation  night  was  flown  with  the  departure 
via  departure  turn  SID  GRA32R.  The  approach  was  via  straight,  decelerating  STAR 
CON32R.  Both  segments  of  this  night  used  path  perspective  command  guidance. 
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I allowing  this  flight,  six  antolnnds  were  accomplished  to  evaluate  intentional  lault 
insertion  in  the  fail  operational  autoland  system 

Following  completion  ol  this  testing  additional  ADI  DS  evaluation  flights  were 
accomplished  Departure  lor  the  lirst  flight  was  via  departure  turn  Sll)  GRA32R  using 
vertical-deviation-only  guidance,  and  the  approach  was  via  straight,  decelerating  STAR 
CON32R  using  path  perspective  command  guidance. 

Departure  Irom  KMWII  lor  KBFI  was  via  close  in  turn  SID  I UM32R,  and  the  approach 
to  KBI  I was  via  curved,  descending  decelerating  STAR  FIGI3R  Both  segments  of  this 
lliglu  used  vertical-deviation-only  guidance  Ihe  autoland  to  kBI  I was  terminated  at  160  ft 
because  ol  second  lailuie  occurrence,  and  a manual  landing  was  completed. 

System  Performance  Comments 

• 1DV  and  IV1)  modes  were  used  with  a 20-nmi  range  limit  but  icsults  were  not 
encouraging.  Xlkl  errors  at  touchdown  with  primary  preceding  modes  are 
shown  below: 

1)  KMWII  rwy  32R  0.06L  (IDD),  0.03L  (IVD)  0.281  (IXD),  0.561  (IVD), 
0.7L  (IXD)  0 35L  (IXD).  0.49R  (IDX),  I.05R  (IDV).and  0.03L  ( IDD) 

2)  KBFI  rwy  I6R  0.0  (absolute  zero  position  errors  observed  on  LADI  runway 
symbol) 

• IVD  mode  acquisition  was  intermittent  for  reasons  unknown,  i.e.,  toggling  IVD, 
IXD,  or  could  not  get  IVD  when  should  have 

IAS  All  systems  performed  well.  A realignment  was  done  at  90°  heading  at  KMWH. 
Performance  summary  was  as  follows. 


INS  SN 

ALAT 
(nun ) 

A LON 
(min) 

A OS 
(kt) 

KBFI  to  KMWH 

Nav  time:  4 0 hr 

766 

0.4 

4 1 0 

1 

Flight  time:  3.0  hr 

406 

-0  6 

t-0.4 

1 

748 

0.8 

+0. 1 

1 

KMWH  to  KBFI 

Nav  time:  2 0 hr 

766 

0.5 

1 .9 

2 

Flight  time  1.6  hr 

406 

0.1 

0.5 

0 

748 

-0.4 

0.4 

1 

NCU 

0 

-0.1 

0 
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4D  time  error  summary  was  as  follows: 


I n route 

KBFItoKMWH  +:I6 

KMWH  to  KBF1  -:02 

Evaluation  (KMWH) 

SID  GRA32R  -:02 

STAR  CON32R  +:03 

STAR  CON32R  -:06 


Displays 

• MFD.  Occasionally  path  vector  conics  came  up  as  double  length  on  the  display 
(could  be  an  NCU  software  problem). 

• MFD.  When  path  conics  were  partially  offscreen,  disconnected  lines  were 
displayed. 

• EADI.  The  display  was  too  dim  even  at  maximum  brightness.  Other  problems 
persisting  included  character  Y position  jitter,  extraneous  data  on  EADI,  EADI 
attitude  invalid  cross,  and  MFD  vector  discontinuous  lines. 

Flight  6-16,  March  11,  1974 

This  was  a demonstration  flight  for  representatives  from  ALPA.  The  flight  to  KPAE 
and  return  were  accomplished  in  the  automatic  mode.  The  departure  from  KBF1  was  via 
departure  turn  SID  BUR13R  with  the  4D-coupled  flight  to  KPAE  terminated  via  curved, 
descending,  decelerating  STAR  EDM  16  with  transition  to  an  autoland  for  a touch  and  go. 
The  departure  from  KPAE  was  via  close-in  turn  SID  GLE16,  and  the  4D-coupled  flight  to 
KBFI  was  terminated  via  curved,  descending,  decelerating  STAR  TIG13R  with  transition  to 
an  autoland. 

System  Performance  Comments 

Navigation-X TKE  error  at  KBFI  was  0.1  5R  (rwy  32R).  XTKE  errors  at  KPAE  were 
0.05L(rwy  16)  and  0.20L  (rwy  16). 

/TVS-Performance  summary  was  as  follows: 


INSSN 

ALAT 

(min) 

A LON 

(min) 

AGS 

(kt) 

Navtime:  1.5  hr 

766 

0.4 

0.3 

2 

Flight  time:  1.1  hr 

406 

-0.3 

0.4 

1 

748 

-0.1 

0.5 

2 
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• 1 • A 1)1  and  Ml  I).  Symbol  distortion  (open  ciicle)  problem  reappeared  prior  to 
flight 

• Ml  1).  1 list  character  of  waypoint  name  was  missing  and  the  star  symbol  was 
distorted  inter mittcntly  prior  to  t light, 

Flight  6-17.  March  II,  1974 

Departure  Iron)  K HI  I was  coupled  via  departure  turn  BURI3R  en  route  to  KMYVH. 
Attitude  CWS  and  4l)-coupled  modes  were  evaluated  en  route  with  the  coupled  approach  to 
KMNVII  via  curved  descending,  decelerating  S'lAk  I IMI32R  wPh  transition  to  autoland 
Alter  a full  stop  the  Following  ADI  DS  evaluation  flights  were  accomplished. 

The  first  (light  departure  from  K.MWI1  was  via  noise-abatement  SID  TANI4L.  and  the 
approach  was  via  standard  STAR  WLNI4L,  with  both  segments  using  vertical-deviation-only 
guidance.  The  departure  for  the  second  flight  was  via  noise-abatement  SID  TANI4L.  and 
the  approach  was  via  standard  STAR  QUI14L.  with  both  segments  using  path  perspective 
situation  guidance.  Departure  for  the  third  flight  was  via  close  in  turn  SID  ITJM32R.  and 
the  approach  was  via  curved,  descending,  decelerating  STAR  SIP32R,  with  both  segments 
using  path  perspective  situation  guidance. 

The  departure  from  KMVVII  for  KPAE  was  via  noise-abatement  SID  DOU32R  and  the 
approach  to  KPA1  was  via  two-segment  STAR  MOUI6,  with  both  segments  using  path 
perspective  situation  guidance.  One  evaluation  llight  was  flown  at  KPAE  with  the  departure 
via  close-in  turn  SID  GLEI6  and  the  approach  via  two-segment  STAR  MOUI6,  with  both 
segments  using  path  perspective  command  guidance. 

The  departure  from  KPAE  tor  KSFA  was  via  noise-abatement  SID  BREI6,  where  two 
touch-and-go  autolands  were  accomplished,  followed  by  a direct  llight  to  KBFI  where  a 
manual  landing  was  made. 

Sys’em  Performance  Comments 

Navigation 

• Station  overflight  (<  1.8  nmi)  fix  was  patched  in  at  KMW1I  after  large  errors 
following  overnight  of  EP1I 

• XTKE  errors  at  KMWH  were  0.09L  (rwy  32k  0.85R  (rwy  14),  0.47R  (rwy  14), 
and  0.0  (rwy  32). 

• XTKE  errors  at  KSEA  were  estimated  0.1  R trwy  1 6L)  and  0.1  R (rwy  I6L). 

• NCDU  looked  good  under  night  light  conditions  (white  on  black  keyboard  only). 
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I\S  SN  748  developed  a large  westerly  velocity  error  on  the  JUNCN-ALTE  leg  at  a 
heading  of  90°.  Error  was  steady  at  -15  kt.  Subsequently,  errors  up  to  -32  and  -27  kt  were 
observed  at  headings  of  90°  and  270°  Thereafter,  velocity  and  position  errors  were 
oscillatory,  presumably  with  a Schuler  period.  Also,  10-kt  error  developed  during  turn  from 
270°  to  180°  at  MOUVW  between  KMW11  and  KI’AE  after  realigning  with  a 90°  heading. 
Performance  summary  was  as  follows: 


INSSN 

A LAT 
(min) 

A LON 
(min) 

GO  ^ 

r n •*— * 

< — 

KBF1  to  KMWH 

Nav  time:  3.1  hr 

766 

0.5 

0.7 

2 

Flight  time:  2.8  hr 

406 

-0.1 

0.4 

2 

748 

-0.6 

1.2 

19 

KMWH  to  KBF1 

Nav  time:  2.6  hr 

766 

1.0 

-2.3 

Flight  time:  2.2  hr 

406 

0.4 

0.9 

3 

748 

-0.3 

-0.3 

5 

NCU 

0 

0.4 

0 

4D  time  error  summary  was  as  follows: 


En  route 

KBF1  to  KMWH  +:18 

KMWHtoKPAE  -1:13 

Evaluation  (KMWH) 

SID  TANI4L  -:0I 

STAR  WEN  14L  +:25 

S1DTAN14L  :00 

STAR  QU114L  +:05 

SID  TUM32R  -:01 

STARSIP32R  +:22 


Dr  plays 

• PCU.  Parity  enor  occurred  at  KMWH  after  power  switching. 

• MFD.  Blueness  was  pronounced  under  bright  light  conditions. 


Flight  6-18,  March  12,  1974 

The  departure  from  KBF1  was  via  noise-abatement  SID  SUM13R  using  path 
perspective  command  guidance.  The  en  route  segment  of  the  flight  to  KMWH  was  4D 
coupled  with  the  approach  via  straight,  decelerating  STAR  CON32R,  with  a manual 
approach  and  landing.  Time  error  at  the  middle  marker  of  the  landing  approach  was  -:07 
sec.  Four  autolands  were  performed  from  a racetrack  course  to  obtain  metric  camera  data 
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lor  space  position  data  hollowing  this  effort,  a lull  stop  was  made  in  preparation  lor  the 
following  ADI  DS  evaluation  flights. 

I lie  first  llight  departure  was  via  close-in  turn  SID  MAE14L,  with  the  subsequent 
approach  via  curved,  descending,  decelerating  STAR  SIP32R.  Roth  segments  ol  this  llight 
used  path  perspective  situation  guidance.  Departure  lor  the  second  llight  was  via 
noise-abatement  SID  TAN14L,  and  the  approach  was  via  curved,  descending,  decelerating 
STAR  SIP32R,  with  both  segments  using  vertical-dcviation-only  guidance. 

The  departure  from  KMW11  eu  oute  to  KBI'I  was  via  close-in  turn  SID  IIJM32R,  using 
vertical-deviation-only  guidance.  1 return  llight  was  to  be  41)  coupled  per  a planned 
profile,  but  severe  weather  precluded  adhering  to  the  A 1C  coordinated  llight  plan.  The 
approach  to  KBF1  was  via  curved,  descending,  decelerating  STAR  T1G13R,  using  vertical 
plus  waypoint  guidance. 

System  Performance  Comments 

Navigation 

• GU1D  problems  occurred  with  3D;  left  the  path  for  no  apparent  reason  over  ELN, 
two  occurrences  in  ALT  1 SOL  D and  one  in  G3D. 

• Nav  patches  were  put  in  to  improve  single  DME  update  mode,  i.e.,  bearing  within 
±15° of  cardinal  points  N,  S,  E,  W;  1 5° bank  cut  off;  2 nmi  minimum  range. 

• Nav  took  patches,  except  bank  angle  limit,  out  alter  the  GUID  3D  problem,  but 
had  a similar  problem  in  ALT  HOLD. 

• Nav  XI  KE  with  patches  were  0.05R  (rwy  32),  O.IL  (rwy  32),  and  0.0  (rwy  32) 
at  KMWH. 

• Nav  XTKE  without  patches  were  0.0  (rwy  32)  and  0. 1 L (rwy  32)  at  KMWH  and 
0.I2L  (rwy  13)  at  KBIT. 

INS  There  was  no  abnormal  INS  performance.  Performance  summary  was  as  follows; 


INSSN 

ALAI 

(min) 

AEON 

(min) 

AGS 

(kt) 

Nav  time:  6.1  hr 

7o6 

1.6 

1.7 

2 

Flight  time:  5.5  hr 

406 

-1.2 

0.3 

2 

748 

1.2 

1 1 

1 

NCU 

0.2 

-0,4 

0 

4D  time  error  summary  was  as  tollows 
En  route  KBFI  to  KMWH  -:07 


. 


Displays  There  were  no  new  problems. 


Flight  6-19,  March  13,  1974 

Ibis  flight  included  demonstrations  lor  Hoeing  corporate  ( Ticers.  The  departure  from 
KBf  I was  via  departure  turn  SID  BURI3R,  and  the  approach  to  KPAE  was  via  STAR 
FDMI6  with  transition  to  autoland  Departure  from  KI’AL  was  via  close-in  turn  SID 
CiLb  I 6,  and  the  approach  to  KBFI  was  via  curved,  descending,  decelerating  STAR  T1GI3R 
with  transition  to  an  autoland.  The  second  flight  to  KI’AL  used  the  same  flight  path  as  the 
lirst,  but  departure  Irom  KI’AL  on  the  second  flight  was  via  noise-abatement  SID  SAM  16 
with  the  subsequent  approach  to  KBFI  again  via  TIG13R,  with  transition  to  an  autoland' 
All  ol  the  above  en  route  Bight  segments  were  flown  41)  coupled. 

System  Performance  Comments 

Navigation 

• XTKL  errors  at  touchdown  were  0.I6L  and  0.01  R at  KI’AL  trwy  16)  and  0.02L 
and  0.06L  at  KBFI  (rvvy  I 3). 

• The  DMLs  dropped  out  momentarily  after  small  accelerations  «0. 1 g)  in  the 
direction  of  the  DME  station. 

INS- Performance  summary  was  as  follows: 


INS  SN 

ALAT 

AlON 

AGS 

(min) 

(min) 

(kt) 

Nav  time  3.2  hr 

766 

0.4 

0.5 

2 

Flight  time:  2.4  hr 

406 

-0.2 

0 6 

3 

748 

0.4 

0.1 

NC'U 

0.1 

0 

Displays- There  were  no  new  problems.  Pitch  on  LADI  was  extremely  jumpy. 

Flight  6-20,  March  13,  1974 

The  departure  from  KBFI  was  via  departure  turn  SID  BURI3R,  with  the  approach  to 
KPAE  via  curved,  descending,  decelerating  STAR  EDM  16.  During  this  flight  segment, 
problems  were  encountered  with  the  navigation  system  that  precluded  additional  planned 
testing.  Three  autolands  included  two  touch-and-go  landings  and  one  go-around.  The 
departure  to  KBFI  was  direct,  with  a manual  Bight  director  landing.  During  this  Bight, 
additional  problems  were  encountered  with  autothrottle  control  and  outer-loop  autopilot 
modes,  including  altitude  engage  and  horizontal  and  vertical  path  engage. 
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System  Performance  Comments 

Xavigation  Many  problems  occurred  bad  assembly  suspected. 

• I ADI  Waypoints  advanced  by  one. 

• MF1).  1 inie  box  and  NCDU  TP  had  opposite  polarity. 

• NCDU,  Response  to  new  PTA  was  incorrect. 

• GU1D.  Violent  pitch  lips  occurred  in  altitude  bold  (Nav  or  1CPS  problem,  cause 
unknown). 

• Nav.  New  program  witli  Nav  fixes: 

1 ) Roll  ±1 5°cutolT 

2)  2 mm  minimum 

3)  Single  DMF  cardinal  bearings  ±15°  update  only 

• XT  KL  at  touchdown  were  0.0R,  0.201  and  0.37L  at  KPAI  (rwy  16)  and  0. 1 7L 
(tuned  to  NUW  instead  of  SEA)at  KBF1  (rwy  13). 

IMS  No  problems  occurred.  Performance  summary  was  as  follows: 


INS  SN 

Al  AT 

A l.ON 

AGS 

(min) 

(min) 

(kt) 

Nav  time:  3.1 

1 hr 

766 

0.3 

0.3 

1 

Flight  time:  1 . 1 

1 hr 

406 

-0.8 

0.3 

1 

748 

0.1 

0.2 

3 

NCU 

-0.2 

-0.3 

Displays  — There  were  no  new  problems. 

Flight  6-21,  March  14,  1974 

Departure  from  kBFT  was  via  departure  turn  Sll)  BURI3R  using  path  perspective 
situation  guidance,  and  the  approach  to  KPAE  was  via  curved,  descending,  descelerating 
STAR  EDM  1 6,  using  the  flight  director  guidance  option.  This  was  a 4D  flight,  and  the  error 
at  KPAE  was  -:06  sec.  A transition  to  autoland  was  accomplished  successfully  and  a 
touch-and-go-landing  was  made,  followed  by  a racetrack  course  for  one  additional  autoland, 
then  followed  by  a full  stop. 

Departure  from  KPAE  for  KMWI1  was  via  noise-abatement  SID  SAM  16  using  path 
perspective  command  guidance.  The  flight  to  KMWH  was  41)  with  the  approach  via 
two-segment  STAR  COR32R.  The  time  error  for  this  flight  to  KMWH  was  +13  sec  at 
touchdown. 
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Departure  from  KI’Al  for  ADI  DS  evaluation  flight  one  was  via  departurt  turn  SID 
GRA32R,  and  the  approach  was  via  straight,  decelerating  STAR  CON32R,  with  both 
segments  of  the  (light  using  path  perspective  command  guidance.  Departure  for  the  second 
lliglit  was  via  close-in  turn  SID  TUM32R,  and  the  approach  was  via  curved,  descending, 
decelerating  STAR  S1P32R  with  path  perspective  command  guidance  used  for  both 
segments. 

At  this  time,  two  autolands  were  accomplished  for  evaluation  of  changes  made  in  the 
system  to  correct  problems  observed  during  the  previous  lliglit. 

The  next  ADEDS  evaluation  lliglit  departure  from  KMVVI1  was  via  departure  turn  SID 
GRA32R,  and  the  approach  was  via  straight,  decelerating  STAR  CON32R,  with  both 
segments  using  vertical  plus  waypoint  guidance.  1 he  next  flight  departure  was  via  departure 
turn  SID  GRA32R,  using  path  perspective  command  guidance.  I he  approach  for  this  lliglit 
was  via  straight,  decelerating  STAR  CON32R  using  lliglit  director  guidance. 

The  departure  from  KMWI1  for  KBFI  was  via  noise-abatement  SID  DOU32R  using 
vertical  plus  waypoint  guidance,  and  the  approach  to  KBFI  was  via  standard  STAR 
TAY3  I L. 

System  Performance  Comments 

Navigation 

• No  problems  occurred  with  PTA  entry  (the  software  from  flight  6-18  was  used). 

• Navigation  errors  at  touchdown  were  as  follows: 

1 ) KPAE  (rwy  1 6):  XTKE  0. 1 4L  and  0.2XL 

2)  KMWH  (rwy  32)XTKE  0.05  1 , 0.0L,  0.08L,  0.0R,  0.08L;  following  SID  and 
STARs  XTKE  0.44R  (after  takeoff  with  large  navigation  error),  0.6L  during 
autoland  circuits. 

3)  KBFI  (rwy  31):  XTKE  0.02R. 

Note  that  none  of  the  changes  for  single  DME  mode  update  limitations  were 
incorporated. 

INS-SN  766  failed  in  flight;  WARN  in  Nav  and  ATT  modes;  restarted  in  ATT  mode, 
got  WARN  again.  SN  094  was  installed.  (This  system  was  previously  rejected  for  excessive 
Schuler  groundspeed  errors.) 


INSSN  ALAT  A LON  AGS 
(min)  (min)  (kt) 


Nav  time: 

6.9  hr 

406 

0.8 

2.1 

1 

Flight  time: 

6.3  hr 

748 

2.5 

0.8 

5 

Nav  lime: 

2.8  hr 

094 

1.9 

4.4 

3 

Flight  time:  2.3  hr 


H)  time  error  summary  was  as  follows: 


1 n route 

KBHloKPAl  -06 

Kl’Ai:  to  KMW11  +:M 

KMWIItoKBIl  +140 

I valuation  t KMWII) 

SI  I)  GUA32R  10 

STAR  CON32R  +:0I 

Sll)  IUM32R  00 

STAR  SIP32R  +:01 

SID  GRA32R  -:01 

S TAR  CON32R  05 

Sll)  GRA32R  -:06 

STAR  CON32R  +:15 


Display  s 

• No  new  problems 

• MFD  time  box  appeared  out  of  position  momentarily  on  several  occasions  (could 
be  NCU) 

Flight  6-22,  March  14,  1974 

This  Ilight  was  dedicated  to  night  evaluation  of  a visual  approach  monitor  (VAM) 
installed  on  the  ADEDS  Ilight  test  airplane  (NASA  515  737-100).  No  ADEDS  evaluation 
was  accomplished  during  this  flight. 

Navigation -The  NCU  failed  in  flight  due  to  a memory  change,  either  hardware-  or 
software-induced  in  bank  2 Only  the  NC  DU  keyboard  was  altected,  but  the  NC  U invalid 
could  not  be  cleared.  Ihe  memory  was  verified,  and  no  evidence  could  be  tound  that  the 
problem  existed  in  software.  However,  an  untried  combination  of  new  banks  2 and  3 and 
old  bank  1 was  being  used  at  the  time  of  failure. 

An  old  ICTS  program  was  used. 

INS  SN  748  developed  large  grouudspeed  errors  (-25  kt)  during  a 30°  bank  turn  to  the 
west  Performance  summary  was  as  follows: 


INS  SN 

ALAT 

AlON 

AGS 

(min) 

(min) 

(kt) 

Nav  time: 

2.5  hr 

094 

1.0 

0.9 

8 

Flight  time: 

1.0  hr 

406 

0.6 

0.1 

1 

748 

0.4 

4.0 

19 

47 


Displays  Initial  Ml  I)  incrementing  problem  was  induced  by  software  patching  error. 


Flight  6-23,  March  15,  1974 

Departure  from  Mil  l was  via  departure  turn  SID  BUR13R  using  path  perspective 
situation  guidance.  The  flight  was  scheduled  for  en  route  evaluation  of  ADFDS  performance 
on  a closed-loop  flight  from  Seattle  to  Portland  to  Spokane  and  back  to  Seattle.  Failure  ol 
the  navigation  computer  shortly  after  takeoff  from  KBF1  required  aborting  the  flight  and 
returning.  The  navigation  computer  software  was  reloaded,  and  tests  indicated  that  the 
problem  was  corrected.  However,  by  this  time  the  weather  conditions  and  the  delay  in 
departure  time  resulted  in  rescheduling  the  flight  for  Portland  and  return.  The  system 
performance  was  still  not  adequate  to  perform  an  en  route  test.  A manual  landing  was  made 
on  return  to  KBI  I. 

System  Performance  Comments 

Navigation  The  new  bank  I (with  PTA  entry  problem)  was  loaded. 

• PTA  problem  occurred  as  before.  The  problem  was  found  postflight  after  it  was 
noticed  that,  on  the  final  leg.  TE  jumped  to  the  correct  value  (4:25)  while  the 
time  box  on  the  MFD  stayed  at  approximately  +0  10. 

• Navigation  XTKL  at  touchdown  fry  KBI  I rvvy  31  was0.05L. 

• An  old  ICPS  program  was  used.  During  autoland,  first  failure  w as  caused  by  INS 
No.  3 groundspeed  errors.  When  INS  No.  I tailed,  the  a ■ topilot  did  not 
disconnect  for  many  seconds  alter  INS  No.  1 went  invalid. 


INS 

• INS  748  developed  groundspeed  errors  varying  between  +32  to  -54  kt  in  flight. 

• INS  094  failed  in  Nav  and  ATT  modes  during  final  approach  after  approximately 
2.3  hr  in  Nav. 


Performance  summary  was  as  follows: 


Nav  time:  2.3  hr 

Flight \nne:  1.6  hr 


INSSN  ALAI 
(min) 

406  -0.4 

748  0.2 


A LON  AGS 
(min)  (kt) 

1.0  3 

-8.5  44 


Displays 

• Display  was  lost  after  takeoff;  bootstrap  was  reloaded  and  then  OK 

• Altitude  invalid  cross  appeared  intermittently  on  the  EADI 


A* 


t 


•4 


f 

: 


• MFl)  erroneous  (light  plan  conies  appeared  intermittently,  apparently  caused  by 
the  pickup  ot  bits  in  the  conic  length  word  (could  be  I/O  problem), 

2.2  DISPLAY  SYSTEM  PERFORMANCE 

2.2.1  General 

The  detailed  performance  of  the  display  system  is  described  in  the  following  sections 
and  in  appendix  D In  summary: 

1)  Problems  with  the  display  system  hardware  resulted  in  the  delay  of  several  test 
flights  and  the  early  termination  of  two  flights.  The  problems  were,  however, 
typical  of  those  encountered  in  early  test  (lights  of  developmental  hardware. 

2)  A shortcoming  of  the  display  system  was  the  lack  of  relative  display  brightness 
when  operating  in  direct  sunlight.  The  brightness  of  the  LEI)  readouts  on  the 
display  system  mode  control  panel  was  also  judged  inadequate. 

3)  The  display  system  software  configuration  was  not  frozen  during  the  (light  test 
period.  Most  of  the  changes,  listed  in  table  2-1,  were  of  a developmental  nature, 
i.e.,  adjustments  to  sealing  and  timing  and  general  optimization  of  the  software 
routines. 

4)  Problems  encountered  during  acceptance,  integration,  and  flight  testing  support 
the  requirement  for  a detailed  monitoring  of  power  requirements  during  the 
design  and  development  phase.  The  level  provided  to  the  ADEDS  display  system 
was  not  adequate. 

2.2.2  Display  System  Hardware 

2.2.2. 1 Program  Control  Unit  (PCU)  and  System  Control  Unit  (SCU) 

During  the  first  flights,  the  program  stored  in  memory  was  destroyed  during  the 
turn-on  of  airplane  systems  and  transfer  from  ground  power  to  airplane  power.  By  adding  a 
memory  power  supply  crowbar  circuit,  which  ensured  the  memory  drive  currents  were  not 
switching  after  the  5-V  logic  supply  had  reduced  below  a normal  operating  level,  the  display 
system  could  withstand  all  power  interruptions  except  when  the  hydraulic  pumps  were 
switched  on.  The  final  operating  procedure  was  to  power  the  system  down  until  the  airplane 
was  ready  to  taxi,  after  having  conducted  a pre flight  checkout  of  the  display  system. 

Memory  parity  was  a problem,  particularly  in  the  beginning  of  the  flight  test  program. 
If  a memory  parity  occurred  in  memory  locations  that  did  not  interfere  with  the  SCU 
operation,  the  bad  memory  location  could  be  restored  and  the  program  restarted.  However, 
if  a memory  location  that  the  SCU  program  was  using  was  destroyed,  the  SCU  loader  paper 
tape  had  to  be  reloaded.  This  was  a problem  because  several  minutes  were  required  to  load 
the  tape  Approximately  two-thirds  into  the  flight  lest,  a new  memory  sense  and  inhibit 
boards  were  installed,  and  there  were  only  a few  subsequent  periodic  memory  parity 
problems, 
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TABLE  2 1 - DISPLA  Y SYSTEM  SOFTWARE  CHANGES 

/ 


Change  No. 

Flight  No 

Function 

Description  of  change 

1 

2 

EADI,  MFD 

Optimize  symbol  coding 

2 

2 

EADI 

Correct  BITSPOT  to  delete 
unblanked  vector 

3 

2 

MFD 

Eliminate  jumping  when  new  data 
leceived 

4 

2 

MFD 

Prevent  hangup  when  more  data 
received  than  can  be  handled  in 
available  time 

5 

2 

EADI 

Correct  shape  of  DGAMWDGE  and 
FPANGLE  symbols 

6 

3 

EADI 

Correct  pitch  reference  and 
decision  height  mode  panel 
readouts 

7 

3 

MFD 

Set  MFD  fail  hit  and  transmit  to 
NCU  when  bad  data  received 

8 

4 

EADI 

Change  pitch  scale  lines  to  5° 

9 

4 

EADI 

Change  pitch  reference  and 
horizon  lines 

10 

6 

EADI,  MFD 

Optimize  symbol  library  to  save 
time 

11 

6 

EADI 

New  1 LS  symbol 

12 

6 

EADI 

Key  1 LS  box  to  LAND  ENGAGE 
from  ICPS 

13 

6 

EADI 

Round  off  decision  height 

14 

6 

EADI 

Round  off  radar  altitude  between 
1,500  25,000  ft  to  100  ft 

15 

7 

EADI 

Correct  localizer  box  scaling 

16 

7 

EADI 

Simplify  speed  error  processing  in 
conjunction  with  NCU 

17 

8 

MFD 

Optimize  track  tape  and 
airplane  symbol 

18 

8 

EADI 

Adjust  timing  of  EADI  stroking 

19 

9 

MFD 

Adjust  track  tape  scaling 

20 

12 

MFD,  EADI 

Optimize  timing 

21 

11 

EADI 

Change  to  ILS  symbol  (see 
change  1 1 ) 

22 

12 

EADI 

Include  both  ILS  symbols 

Shortly  after  installing  the  new  memory  hoards,  a new  problem  occurred  which 
delayed  the  flight  test  lor  approximately  2 days.  I he  first  symptom  of  the  problem  was  that 
the  pitch  map  would  make  discrete  steps  in  roll  instead  of  making  a smooth  transition  I lie 
second  symptom  was  that  the  SCU  paper  tape  reader  would  not  load  tapes.  These  problems 
were  resolved  when  broken  wire  was  found  in  the  PCU  chassis  wiring. 

2. 2. 2.2  Hybrid  Symbol  Generator  (I  ISCi) 

ft 

Several  intermittent  problems  occurred.  1 he  most  serious  one  was  that  all  ol  the 
calligraphic  symbology  programmed  to  be  positioned  left  ol  screen  center  was  shifted  to  the 
right  side  of  the  display.  Another  problem  was  that  symbols  did  not  close  properly.  It  give 
the  effect  that  a low-order  hit  was  always  a one  in  the  +X  direction. 

2. 2. 2.3  Displays 

The  d isplays  were  reliable.  One  time  the  MI  D did  not  come  up  because  of  a loose  pin 
in  the  input  connector  to  the  high-voltage  power  supply. 

2.3  NAVIGATION  SYSTEM  PERFORMANCE 

2.3.1  General 

The  navigation  system  hardware  (NC’U  and  NCDU)  performed  very  well  throughout 
the  (light  test  period.  Navigation  system  failures/incidents  No.  69  through  95  which 
occurred  during  the  flight  test  period  are  included  in  appendix  I).  Only  four  of  these  related 
to  the  NCU  and  four  to  the  NCDU. 

The  navigation  computer  software  configuration  was  never  completely  frozen 
throughout  the  Right  test  period.  A total  of  178  changes  were  recorded.  (See  table  2-2). 
These  changes  reflect  a continuing  process  of  correcting  problems,  incorporating  new 
functions  and  mechanizations,  and  optimizing  software  routines,  which  continued  through- 
out the  Right  test  period.  Despite  the  large  number  of  changes  incorporated,  only  one  Right 
test,  the  penultimate  one,  had  to  be  aborted  because  of  an  NCU  software  problem. 

2.3.2  Navigation  System  Hardware 
2.3.2. 1 Navigation  Computer  Unit 

The  four  hardware  problems  that  occurred  with  the  NCU  during  the  Right  test  period 
and  are  listed  in  appendix  D were  as  follows: 

• Incidents  No.  69  and  86  Design  problem  in  the  power  interrupt  mechanization 

• Incident  No.  87  Spare  computer  No  8 card  failure 

• Incident  No.  88-  SPIIP  transmitter  failure 

• Incident  No.  9|  RNI  (Radio  Navigation  Interface)  card  failure 
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TABLE  2-2.-NA  VIGA  TION  COMPUTER  SOFTWARE  CHANGES 


Change 

No. 

Flight 

No 

Routine 

Description  of  change 

Type  of 
change3 

1 

1 

EXEC 

Enable  the  cold  start  routine  for  power 
interrupts  longer  than  2 sec 

P 

2 

1 

GUID 

Set  AGCS  flag  to  acc.pt  and  process  ICPS  inputs 

P 

3 

NCDU 

Correct  logic  for  PPOS  waypoint  and  enable 
FIOLD  pattern  left  at  0 

P 

4 

1 

NAV 

Correct  scaling  of  INS  velocity  inputs 

T 

5 

1 

EXEC 

Use  pitch  and  rol1  from  INS  instead  of  ICPS 
and  use  CAS  instead  of  TAS 

T 

6 

2 

NAV 

Interchange  DME  1 and  2 in  listing  comments 

P 

7 

1 

NAV 

Interchange  DME  1 and  2 processing  and 
resynchronize  runway  head  ng  output  discrete 

P 

8 

1 

NAV 

Correct  errors  in  DME  valid  log.c  and  compensate 
for  30°  VOR  bias 

P 

9 

2 

GUID 

Inhibit  HVGUID  routine  when  GS  < 64  kt 

P 

10 

2 

GUID 

Remove  latch  on  ALT  SEL  logic  and  increase  gains 

P 

11 

2 

MFD 

Display  ORIG  and  DEST  airports  when  no  runway 
is  defined  in  ATC  CLR 

P 

12 

2 

MFD 

Display  tuned  DME  1 and  2 

P 

13 

2 

EADI 

Set  FPA  = 0 when  GS  < 64  kt 

P 

14 

2 

NAV 

Zero  DME  range  input  cells  aftei  use 

P 

15 

6 

NAV 

New  autotune  mechanization,  see  change  102 

P 

16 

2 

EADI 

Modify  flight  director  pitch;  canceled  for 
flight  3 

P 

17 

2 

NCDU 

Reinitialize  to  INS  position  when  ORIG  entered 
on  IN  IT  page 

P 

18 

2 

EADI 

Set  DA  = 0 and  inhibit  VNAV  until  GS  > 64  kt 

P 

19 

3 

NAV 

Provide  flags  to  inhibit  automatic  nav  mode 
selection 

P 

20 

2 

MFD 

Increase  radial  symbol  brightness  to  maximum 

P 

21 

2 

NCDU 

Make  NAV  DATA  error  functions  flight  plan 
dependent  only 

P 

22 

2 

NAV 

Simplify  nav  mode  initialization  using  NAVFLG, 
NAV64K,  and  LLINIT 

P 

23 

2 

NAV 

Change  nav  mode  annunciation  codes  IDX,  IXD.etc. 

P 

24 

2 

BULK 

Add  test  DME  station  XXX,  108.00 

P 

25 

2 

EADI 

Set  VGSDOT  and  ACNORM  to  zero  when  INS 
is  valid 

P 

26 

3 

NAV 

Compute  difference  between  updated  and  raw 
INS  positions 

P 

27 

2 

GUID 

Invert  RUN/CLAMP  logic  to  compensate  for  ICPS 
reversal 

P 

28 

2 

GUID 

Enable  pitch  and  roll  synchro  inputs  instead 
of  EPR 

T 

29 

3 

NCDU 

Correct  entry  of  runway  in  ATC  CLR 

P 

aP  = permanent 
T = temporary 
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TABLE  2-2.  (Continued) 


Chanqe 

No 


NCDU 

NCDU 


NCDU 


NCDU 

NCDU 


NCDU, 

MFD 


Description  of  change 


Enable  frequency  check  when  manual  tuning 
from  the  cockpit 

Correct  assembly  errors 

Correct  simulated  airplane  altitude  computation 
Add  PITCHB  of  5° 

Patch  for  PITCHB  and  flitch  and  roll  synchros 

Increase  accuracy  of  slow-loop  vector  magnitude 
routine 

Correct  IXX  mode  annunciation  when  N0STA1 
and  NOSTA2  are  set 

Correct  BAROSET  mechanization 

Add  1-sec  lag  filter  to  FPAC 

Add  GS  and  nav  mode  annunciation  to  MFD  text 

Correct  interface  protection  mechanization 
for  bad  MFD  bus  1 transmissions 

Correct  VOR  mechanization  for  VOR  2 and 
change  calculated  bearing  by  180 

Inhibit  LOOK  UP  STATUS  message  on  line  8 
Correct  PTA  mechanization  for  reclearances 
Zero  VNAV  at  end  of  path 
Correct  acceleration  resolving  errors 

Patch  of  correction  to  EPR  input  processing 
(canceled) 

Method  for  canceling  preselect  modes 

Resend  MFD  bus  1 when  bad  parity  indicated  by 
PCU  mode  word 

Correction  to  PTA  mechanization 
Correction  to  change  37 
Correct  assembly  error. 

New  test  data  output  variables 

180  phase  change  to  EPR  inputs 

Add  1-sec  lag  filter  to  ACNORM  for  trend  vector 

Moved  GS  and  mode  display 

Add  4K  correction  to  CAS  to  agree  with 
cockpit  display 

Transmit  new  page  after  power  interrupt 

Correct  error  in  missed  approach  path  name 
in  ATCCLR 

Flash  FPA  symbol  at  flare 
Add  reciprocal  of  radial  symbol 
Adjust  limits  of  altitude/range  symbol 
Coirect  NAV  mode  annunciation 


changed 


Change 

No 

Flight 

No. 

Routine 

63 

4 

EADI 

64 

4 

NCDU 

65 

4 

EADI 

66 

4 

NAV 

67 

4 

GUID 

68 

4 

GUID 

69 

4 

- 

70 

4 

- 

71 

4 

GUID 

72 

4 

GUID 

73 

4 

GUID 

74 

5 

EADI 

75 

5 

EADI 

76 

5 

GUID 

77 

5 

GUID 

78 

5 

GUID 

TABLE  2-2. -CONTINUED 

utjne  Description  of  change 

\DI  Activate  PITCHB  of  5 

CDU  Annunciate  M for  manual  tuning  on  NAV  DATA  3 

ADI  Corrections  to  runway  symbology,  superseded 
by  change  75 

A v Apply  range  and  geometry  checks  when  manually 

tuned 

UID  Correct  EPR  limit  calculations 

UID  Double  precision  integrators  for  autothrottle 

I New  text  data  outputs 
Correct  assembly  errors 
Try  differentiated  GS  for  VGSDOT 
Limit  autothrottle  sheer  signal  to  ±16  ft/sec 
Reduce  autothrottle  gains  to  KH  1.5,  KVDT  12 

Add  1-sec  lag  filter  to  DA  to  compensate  for  INS 
1/sec  computation  rate  of  true  heading 

Correction  to  runway  centerline;  superseded  by 
change  100 

Modify  4D  guidance  to  new  too  fast  and  too 
slow  limits 

Mode  panel  annunciation  when  IAS  low  speed 
limit  is  reached 

Modify  vertical  path  capture  logic  to  engage 
within  ±1000  ft 
Increase  (X  limiting  gain 

Modification  to  prevent  autothrottle  overboosting 
Fake  INS  valid  for  simulated  flight 
Increase  runway  discrete  set  time  by  100  msec 
Correct  error  in  power  interrupt  subroutine 
Correct  assembly  errors 

Softwaie  fix  for  hardware  design  error  in  power 
interrupt  sequence;  superseded  by  change  103 

Blank  windspeed  when  T AS  < 1 50  kt 
Modify  test  data  output 
I Expand  bulk  data 

Increase  tuning  time  from  1 to  10  sec 
Correction  to  autothrottle  computation 
Reset  PCAPT  after  a touch  and  go 
Modify  autothrottle  too  slow  to  use  IASREF 
I Modify  EPR  limit  gains 

Modify  vertical  capture  logic 
GUID  Stall  protection  in  vertical  guidance  modes 
NCDU  Use  CAS  for  wind  when  TAS  150  kt 
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TABLE  2 2 CONTINUED 


Change 

No. 

Flight 

No. 

Routine 

Description  of  change 

Type  of 
changed 

97 

6 

MFD 

Add  AGCS  mode  annunciation 

P 

98 

6 

EADI 

Blank  erroneous  name  annunciation  after 
passing  last  waypoint 

P 

99 

6 

MFD 

Correct  error  in  trend  vector  when  error 
exceeds  screen  limits 

P 

100 

6 

EADI 

Correction  to  runway  symbology 

P 

101 

6 

BULK 

Expand  bulk  data 

P 

102 

6 

NAV 

New  autotune  mechanization 

P 

103 

6 

EXEC 

Ensure  power  interrupt  enabled  in  fast  loop 
following  OUT04  instruction 

T 

104 

6 

New  test  data  output 

P 

105 

6 

GUID 

Reverse  polarity  of  ICRS  pitch  flight  director 

P 

106 

6 

EADI 

Correct  flashing  FPA  when  negative 

P 

107 

6 

MFD 

Correct  mode  annunciation 

P 

108 

6 

NAV 

Alternate  HDOT  mechanization 

P 

109 

7 

BULK 

Expand  bulk  data 

P 

110 

7 

NAV 

Reverse  autotune  stations  so  No.  2 is  path 
dependent 

P 

111 

7 

NCDU 

Correct  REJ  logic  in  NAV  DATA  modes 

P 

112 

7 

MFD 

Simplify  speed  error  mechanization 

F 

113 

7 

EADI 

Force  VACCEL  input  to  zero  when  radio  altitude 
is  less  than  5 ft 

P 

114 

7 

EADI 

Correction  to  runway  centerline 

P 

115 

7 

- 

Correct  assembly  errors 

P 

116 

7 

GUID 

Reverse  sign  of  radio  altitude  received  from  ICPS 

P 

117 

7 

NAV 

Inhibit  VOR  update  modes 

P 

118 

7 

NCDU 

Increase  resolution  of  wind  calculation 

P 

119 

7 

NCDU 

Delete  5 kt  CAS  bias  inserted  in  change  56 

F 

120 

8 

BULK 

Change  all  GRP  references  to  VORTAC 

P 

121 

8 

EADI 

Increase  runway  width  to  300  ft 

P 

122 

8 

- 

New  test  data  outputs 

T 

123 

7 

GUID 

Increased  gain  of  autothrottle  retard 

P 

124 

8 

GUID 

Blink  amber  lights  on  mode  panel  when  armed 

P 

125 

8 

GUID 

Correction  to  ICPS  flight  director  at  localizer 
capture 

P 

126 

8 

NCDU 

Correct  error  in  runway  heading  format 

P 

127 

8 

GUID 

Modify  pitch  flight  director  gains 

P 

128 

9 

GUID 

Increase  V^q  to  340  and  M^q  io  0 78 

P 

129 

9 

NAV 

Inhibit  position  update  when  GS  < 5 kt 

P 

130 

9 

EADI 

Change  HRAD  limit  to  1 ft  for  VACCEL  = 0 
(canceled) 

T 
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TABLE  2-2.  —CONTINUED 


Change 

No 

Flight 

No. 

Routine 

Description  of  change 

Type  of 
change 

131 

- 

NAV 

Enable  VOR  update  modes  (canceled) 

T 

132 

10 

- 

New  test  data  output 

T 

133 

1 1 

NCDU 

Annunciate  path  guidance  mode  2D,  3D, 
4D,  and  LND 

P 

134 

11 

MFD 

Display  windspeed  and  direction 

P 

135 

11 

EADI 

Reference  speed  error  and  acceleration  command 
to  path  until  IASREF  is  reacheil 

P 

136 

11 

NCDU 

Freeze  NAV  DATA  1 errors  at  touchdown 

P 

137 

11 

BULK 

Add  NUW 

P 

138 

11 

NCDU 

Set  windspeed  0 when  HRAD  < 5 ft 

P 

139 

11 

EADI 

Corrected  scaling  of  VNAV  star  and  circle 

P 

140 

1/ 

NAV 

Autotune  station  1 search  increased  to  four 
stations 

P 

141 

11 

NAV 

Retain  velocity  correction  terms  for  5 min 

P 

142 

11 

Correct  assembly  errors 

P 

143 

11 

EADI 

Correct  path  pornters  at  end  of  path 

P 

144 

12 

NAV 

Change  IDD  bearing  restriction  to 
1 50 3 >lBearing|>  30 

P 

145 

12 

GUID 

Change  mode  panel  amber  blinking  logic 

P 

146 

13 

New  test  data  output 

T 

147 

11 

NAV 

Patch  for  autotune  2 station  search 

T 

148 

13 

EADI 

Flight  director  gain  change  and  3 sec  filter 

P 

149 

15 

EADI 

Limit  FPAC  to  tIO3 

P 

150 

15 

MFD 

Add  3-sec  filter  to  altitude  range 

P 

151 

15 

EADI 

Delete  DA  filter  after  INS  output  corrected 
to  4/sec 

P 

152 

15 

GUID 

Add  versine  for  ICPS  vertical  path  command 

P 

153 

17 

NCDU 

GMT  not  reset  when  vwORIG  entered  on 
IN  IT  page 

P 

154 

15 

GUID 

Modify  ICPS  flight  lirector  per  change  148 

P 

155 

17 

NAV 

Increase  DME  tuning  time  to  1 5 sec 

P 

156 

17 

GUID 

Change  autothrottle  clamp  logic  at  touchdown 

P 

157 

17 

NAV 

Correct  DME  update  flays 

P 

158 

18 

NAV 

Inhibit  navigation  position  updates  when 
GS  < 5 kt 

P 

159 

18 

NCDU 

Correct  errors  in  SEL  mode  and  ATC  CLR 
after  REJ 

P 

160 

18 

NCDU 

Make  ETA  = DTOGO/GS  on  the  last  leg 

P 

161 

18 

NCDU 

Groundspeed  error  wrong  scaling  corrected 

P 

162 

19 

AGCS 

Rescale  ICPS  pitch  flight  director 

P 

163 

19 

MFD 

Make  time  box  calculations  SC  and  SDCC 
double  precision 

P 
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Change 

No. 

Flight 

No. 

Routin'* 

Description  of  change 

Type  of 
change3 

164 

19 

MFD 

Correction  to  altitude  range  symbology 

P 

165 

20 

N/W 

Correction  to  navaid  pomtei  when  navaid 
was  on  the  path 

P 

166 

21 

NAV 

Enable  VOR  update  inodes  up  to  20-nmi  range 

P 

167 

25R 

MFD 

Correct  second  turn  mark  for  last  two  waypoints 

P 

168 

25B 

GUID 

Prevent  station  pointer  update  when  GS  64  kt 

P 

169 

23 

NAV 

Inhibit  DME  updates  when  range  < 2 nmi 

P 

170 

25 

NAV 

Calculate  sin  and  cos  of  ’rue  heading  in 
fast  loop 

P 

171 

22 

GUID 

Add  versine  to  autothrottle 

P 

172 

24 

NAV 

Inhibit  updates  in  single  DME  inodes  unless 
bearing  is  within  ± 15  of  a cardinal  heading 

P 

173 

24 

GUID 

Remove  versine  Irom  VDC 

P 

174 

25B 

NCDU 

Correct  problem  in  debug  mode  when  UP  key 
was  pressed 

P 

175 

26 

- 

Correct  assembly  errors 

P 

176 

26 

GUID 

VPC  included  in  test  data  output 

T 

177 

26 

NCDU 

Assembly  errors  in  NCDU  ETA  and  auto 

throttle  flare 

P 

178 

26 

GUID 

Versine  replaced  to  compensate  lor  old 
ICPS  tape 

T 

57 


Incidents  No  75.  S3  and  92  at fected  tile  NCU,  but  they  were  due  to  test  equipment 
and  not  the  flight  hardware. 

The  design  problem  in  the  power  interrupt  system  did  not  adversely  allect  N l 
performance  in  any  way.  and  the  system  withstood  many  hundreds  of  power  interruptions 
and  resumed  normal  operation.  On  the  few  occasions  when  normal  operation  did  not 
resume  automatically,  recycling  power  brought  the  system  back  to  normal.  When  the 
problem  was  diagnosed,  software  was  modified  to  circumvent  the  hardware  problem  1 he 
other  three  problems  were  fixed  In  substitution  of  new  cards  provided  by  Litton. 

I he  NCU  accumulated  2020  hr  of  operation  during  the  ADI  l)S  piogranr.  538  ot  these 
occurred  on  the  tliglit  test  airplane. 


2. 3. 2. 2 Navigation  Control  and  Display  Unit 

Two  NCDUs  were  used  on  all  test  flights,  one  mounted  in  the  cockpit  and  the  second 
mounted  on  top  ol  the  navigation  pallet.  By  a simple  wiring  change  involving  moving  two 
jumper  wires  in  the  X2  matrix  box,  one  or  the  other  NCDl  could  be  made  the  mastei.  Only 
key  presses  on  the  master  NCDU  keyboard  had  any  effect:  the  second  NCDU  was  a slave 
display.  This  arrangement  proved  to  be  extremely  useful.  1 he  lirst  six  Mights  were  made 
with  the  active  NCDU  on  the  navigation  pallet  for  engineering  evaluation  and  in-flight 
software  troubleshooting.  Halfway  through  the  seventh  Might,  the  cockpit  NCDU  was  made 
the  master  system  for  the  duration  of  the  Might  test  program.  Because  of  the  better  visibility 
of  the  NCDU  mounted  on  the  navigation  pallet,  the  test  instrumentation  IV  eameia  was 
moved  to  this  location  prior  to  the  fourth  Might. 

The  NCDU  SN  002  had  a white-on-black  keyboard,  while  SN  003  had  a nuilticoloied 
keyboard.  The  position  of  the  two  NCDU’s  were  interchanged  several  times  during  the  Might 
test  period.  The  multicolored  keyboard  m its  present  form  proved  to  be  unacceptably  bright 
under  night  conditions. 

The  two  NCDU  problems  listed  in  appendix  D which  occurred  during  the  Might  test 
period  were 


• Incident  No.  79  NCDU  SN  003.  defective  key 

• Incident  No.  82  NCDU  SN  003,  design  problem  causing  only  noise  on  the 
display 

Other  incidents,  No.  69  and  No.  80,  describing  NCDU  keyboard  lockup  were  caused  by 
NCU  power  interrupt  problems  (section  2.3.2. 1)  and  were  not  N(  DU  failures.  However,  at 
least  two  other  instances  of  temporal y sticking  of  keys  causing  keyboard  hangup  were  not 
listed  as  failures.  Litton  analysis  has  shown  that  the  silver  contact  switches  used  tor  the 
NCDU  keys  are  susceptible  to  temporary  sticking,  which  can  be  cured  by  re-pressing  the 
offending  switch.  During  this  program,  after  three  or  more  occurrences  involving  the  same 
switch  were  observed,  the  switch  was  replaced.  Litton  is  incorporating  gold  contact  switches 

in  latest  keyboards. 


During  the  ADI  l)S  program  the  two  N(  DUs  accumulated  estimated  operating  tunes  as 
follows: 


System  integration 

1 light 

and  simulation 

test 

1 otal 

SN 

t hr ) 

(hr) 

(hr) 

00  5 

4000* 

500 

4500 

022 

1 500 

500 

2000 

6500 

It  is  significant  to  note  that  during  the  accumulated  total  operating  time  ol  more  that 
6500  hr,  no  CR  I'  problems  or  deterioration  in  brightness  or  contrast  were  observed, 

2.3.3  Navigation  Computer  Software 

2.3.3. 1 General 

The  navigation  computer  software  program  of  52  000  words  had  been  developed  and 
checked  out  during  system  integration  testing  in  the  8400  simulator  as  described  by 
reference  5.  Checkout  had  proceeded  as  far  as  possible  in  the  simulator  in  some  areas,  but  in 
other  areas,  in  particular  the  Ml  D and  1 ADI  data  processing,  the  checkout  was  incomplete 
because  of  the  late  availability  and  continuing  problems  with  the  display  system  hardware 
Consequently,  the  task  of  software  checkout  during  the  flight  test  period  was  greater  than 
originally  intended.  It  had,  of  course,  been  anticipated  that  the  real  airplane  environment 
would  uncover  software  problems  that  had  not  been  apparent  in  the  simulator  environment. 
It  was  also  anticipated  that  mechanization  changes  in  the  ADI  DS  configuration  would 
result  from  flight  test  experiences  and  that  temporary  alternate  solutions  to  operational 
situations  would  be  tried.  Therefore,  a software  control  procedure  was  set  up  to  regulate 
software  changes  to  the  NCU  and  also  to  the  display  system. 

The  software  control  procedure  involved  the  completion  oi  a data  sheet  describing 
each  change  and  identifying  the  software  assembly  to  which  it  was  applicable.  A summary 
of  the  NCU  data  sheets  is  shown  m table  2-2.  A record  was  kept  of  the  software  assembly 
and  the  patches  incorporated  for  each  test  flight.  1 he  working  copies  of  the  program  listings 
that  were  kept  on  the  airplane  had  all  changes  maiked  in  them  together  with  the  new 
memory  sum  check  values. 

The  major  problems  encountered,  the  lives  to  those  problems,  and  new  mechanization 
changes  made  to  the  NCU  software  during  flight  test  are  discussed  in  the  following  sections 
under  the  headings  of  navigation  software  tNavl  navigation  control  and  display  soltevare 
(NCDU),  guidance  software  (GUID2I)  GUID3D  and  GUID4D),  plus  autothrottle  and 
AGCS  functions,  multifunction  display  software  (Ml  D).  electronic  attitude  indicator 
software  (EADI),  and  executive  (1  XH  ),  I'O.  and  miscellaneous  (unctions. 


*T|m  figure  is  a conservative  estimate  of  usage  in  the  simulator  between  May  t()72  and  December  1 c>73. 
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2. 3. 3. 2 Nav  Software 


A software  error  in  the  INS  software,  causing  the  incoming  INS  velocity  data  to  be 
interpreted  by  the  NCU  as  half  of  what  it  should  be,  precipitated  a navigational  crisis  tor 
ADEDS  on  the  first  (light,  The  error  was  corrected  by  a software  patch  to  the  Nt  l in  flight. 
Thereafter,  navigation  performance  in  the  INS  only  (1XX)  and  the  INS  updated  by  dual 
DME’s  (1DD)  was  satisfactory  until  a DMT  data  dropout  was  experienced  from  a crosstrack 
station  which  uncovered  a basic  mechanization  problem  in  the  DME  updated  modes.  The 
memory  location  receiving  incoming  DME  range  from  the  I/O  must  be  zeroed  out  every 
time  it  is  read;  otherwise,  erroneous  updates  result  when  no  new  input  data  are  received,  and 
the  last  frozen  value  in  the  memory  cell  indicates  that  the  airplane  is  moving  in  a circle 
around  the  DME  station. 

As  test  flights  continued,  the  crosstrack  errors  observed  at  touchdown  were  sometimes 
excessive  and  generally  larger  than  the  0.1  nmi  that  Litton  had  specified  for  the  1DD  mode. 
The  basic  problem  was  because  the  DME  coverage  was  inadequate  in  the  areas  wheie  the 
majority  of  test  flights  were  being  conducted -Paine  Field  (KPAE)  and  Moses  Lake 
(KMWH).  In  both  cases,  DME  stations  to  the  north  or  south  could  be  received  at  low 
altitudes,  but  no  stations  to  the  east  or  west  could  be  received.  The  primary  runways  at 
KPAE,  KMWH,  and  KBF1  are  all  essentially  north-south  runways.  Therefore,  the  lack  of 
east-west  DME  updates  was  apparent  in  the  XTKE  observed  at  touchdown. 

In  attempts  to  improve  performance  the  following  mechanization  changes  weie 
incorporated  during  the  flight  test  period: 

• Relaxing  geometry  restrictions  to  allow  1DD  mode  with  two  DMFs  with  relative 
bearing  difference  of  >30°(was  45°) 

• Retaining  velocity  correction  terms  in  the  NCU  tor  10  min  in  the  event  of  loss  of 
DME  updating 

• Inhibiting  DME  updates  when  range  is  less  than  2 nmi 

• In  1DX  and  1XD  modes  only,  updating  when  the  bearing  to  the  DME  is 
within  ±15°  of  a cardinal  heading 

• Inhibiting  all  update  when  bank  angle  is  greater  than  1 5° 

After  the  first  three  changes  were  made,  it  became  apparent  that  there  was  no  problem  in 
the  IDD  mode.  Analysis  of  22  recorded  landings  at  KBF1  beginning  with  Bight  12  shows  a 
mean  error  of  0.08  nmi  with  a standard  deviation  of  0.05  nmi. 

Operations  at  KMWH  proved  that  a problem  existed  with  a single  DME  update  (1DX  or 
IXD).  When  operating  at  10,000  ft  during  SID  and  STAR  pilot  operations,  dual  DME 
data-usually  FPH  and  GEG  -were  received  and  crosstrack  errors  at  touchdown  were  usually 
small  When  operating  at  pattern  altitude  of  3000  ft,  only  EPH  DME  to  the  north  could  be 
received  and  crosstrack  errors  were  often  large  (see  table  2-3).  The  last  two  changes  listed 
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TABLE  2 3.-CR0SSTRACK  ERROR  SUMMARY 


1 


Fligh’  No 

Airport 

Runway  XTKE  (nmi) 

Notes 

1 

KBFI 

Gross  nav  errors 

2 

KPAE 

0.19U16),  154U16),  0.56U16) 

KBFI 

0,21  L (13R) 

3 

KMWH 

0.10U32R),  0. 1 0R  <32  R ) , 0.35R(32R) 

KBFI 

0.02U31L) 

4 

KBFI 

1.05U13R) 

IDX  modes  only 

5 

KMWH 

0.10U32R),  0.20L  (32R),  0.28L(32R) 

KBFI 

0.2 1 L(  1 3R ) 

6 

KBFI 

0.25R  < 1 3R ) 

7 

KPAE 

0.44R(16) 

KMWH 

0.67R(32R),  1 . 25R  <32  R ) , 010R(32R) 

INS  7 excessive  errors 

0.46R132R),  0.07L(32R),  0.1 2L(32R) 

KBFI 

0 03L(13R) 

8 

KMWH 

0 17L(32R),  0.50L(32R),  0.20R(32R) 

0,42R(32R),  0.20R(32R),  002L(32R) 

0.23L(32R),  0.10RI32R),  009R(32R) 

KBFI 

0.20L  ( 1 3R ) 

9 

KPAE 

0.35R  (16),  1 15R(16),  0.46L(  1 6) 

INS  2 excessive  errors 

0.7 1 L(  1 6) 

KBFI 

0.63R  ( 1 3R) 

10 

KMWH 

0,13L(32R),  0 06L(32R) 

KPAE 

0.35L  < 16) 

KBFI 

0.45RU  3R) 

1 1 

KPAE 

0. 1 7 R ( 1 6) 

KBFI 

0 08 L(  1 3R ) 

12 

KMWH 

0. 1 5L(32R) , 0.20U32R),  0.05L(32R) 

DME  update  geometry  changed 

0.24L(32R),  0.15U32R),  0.10  (32R ) 

0.05L(32R) 

KBFI 

0 14L(13R) 

13 

KMWH 

0.28L(32R),  0.01  L (32  R ) , 017L(32R) 

0.30L(32R),  0.03R  <32  R ) , 0.12U32R) 

0.01U32R) 

KBFI 

0 07R{1 3R) 

14 

KPAE 

0. 1 4L(1 6),  0.1 1 L ( 16) 

KBFI 

0.07L03R),  0.02  R < 1 3 R ) 

15 

KPAE 

0.15L06) 

KBFI 

0.05L(  1 3R) 

16 

KMWH 

0.21  L(32R) 

KBFI 

0.15R(13R) 

17 

KPAE 

0.01  R(  16),  0.01  L(  16),  0.32  L ( 1 6) 

0.80U16),  0.06R  < 1 6) , 0.05U16) 

KBFI 

0.04R  < 1 3R ) 

18 

KMWH 

0 1 1 R(32R),  0.00(21),  0.10L(21) 

DME  mode  to  3 4 sec  memory 

0. 1 5R  (32R) , 0.50R(32R),  0.88R(32R) 

time 

0.77R(32R),  0.48R(32R) 

KBFI 

0. 1 4R  { 1 3R ) 
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TABLE  2 3.  - CONCL  UDED 


|ht  No 

Airport 

Run 

19 

KPAE 

0 02(16), 
00106) 

KBFI 

0.06L(13R), 

KPDX 

0 00(28R), 

KSFA 

0.10RI16R), 

20 

KMWH 

0.00(21), 

1.30U32R), 

KBFI 

0 . 1 0R  ( 1 3 R ) 

21 

KMWH 

009(32R), 

KBFI 

0.14O3R) 

22 

KMWH 

0.06U32R), 

0.56U32R), 

0.49R(32R), 

KBFI 

0.0003R) 

23 

KPAE 

0.21  L(  1 6) , 

KBFI 

0 01RO3R), 

KMWH 

0.09U32R), 
0.00(  32  R ) 

24 

KMWH 

0.05RI32R), 
0.00(32  R) , 

KBFI 

0.12LO3R) 

25 

KPAE 

0.16U16), 

0.20U16), 

KBFI 

0.02L(13R), 

26 

KPAE 

0.14LO6), 

0.20R06), 

KMWH 

0.05U32R), 
0 00R(32R) , 
0.60L(32R) 

KBFI 

0.02R(13R) 

27 

KBFI 

0.05LO3R) 

Runway  XTKE  (nmi) 


0.01(16),  0.12RO6) 

0.08H  1 3R) 

0.00(28R) 

0 1 0 R ( 1 6 R ) 

0 1 1L(32R), 

1 . 1 0L(32R) 


0.50U32R) 


0 47R(32R),  0.10(32R) 


0.03L(o2R), 

0.70U32R), 

1.05R132R), 

0.05U16). 

0 15R03R) 
0.85R(14), 

0.10U32R), 

0.10U32R) 

0 OIF  (16), 

0 37 L ( 1 6) 
0.06U13R), 

0 28L(16>, 
0.10LO6), 
OOOM32R), 
0.08K32R), 


0.28U32R) 

0.35U32R) 

003U32R) 

0.20U16) 
0.47R(  14) 

0.00(32  R ) 

0.00RO6) 

0. 1 7L(  1 3R) 

0.20R  (16) 
0.25L  (16) 
0.08I32R) 

0 44R(32R) 


f 


above  wore  incorporated  in  an  attempt  to  improve  IXI)  and  ll)X  mode  performance. 

♦ Unfortunately,  the  changes  were  not  evaluated  at  KMWII  hefore  the  ADI  DS  flight  tests 

were  terminated 

I he  last  change  listed  above  is  intended  to  prevent  the  l)\ll  memory  mode  ol 
operation  signal  loss  from  introducing  errors  into  the  NCU  position  and  velocity  update. 
I he  digital  DME  was  also  adjusted  by  Collins  to  the  minimum  setting  of  3.4  see.  After  this 
adjustment  it  was  noticeable  that  the  DME  lrer|uently  dropped  out  during  airplane 
acceleration  away  from  or  toward  the  station.  The  bank  angle  limit  of  1 5°  for  DM1.  update 
inhibit  protects  against  DMI  memory  operation  during  turns. 

The  VOR  DMI  navigation  modes  were  not  used  as  primary  modes  because  the  YOR 
tuning  is  independent  of  the  DMI  autotune  The  mode  was  used  with  mixed  results  and  a 
maximum  range  limitation  ol  20  nmi  to  the  VOR  was  incorporated  to  limit  possible 
intioduetion  of  navigation  error  due  to  VOR  bearing  error. 

The  backup  air  data/mag  heading  mode  (ADD)  was  also  evaluated  under  cruise 
conditions.  When  the  mode  is  initiated  there  is  an  angular  jump  on  the  MM)  equal  to  the 
drilt  angle.  This  is  caused  by  track  initially  becoming  equal  to  heading  when  INS  data  are 
lost  The  error  is  corrected  as  the  DME  update  corrects  the  velocity  estimates  and  hence 
track  angle. 

The  autotune  meehani/ation  wa.,  also  improved  during  flight  test. 

• Search  time  per  station  was  increased  to  15  sec 

• The  search  pattern  was  increased  from  two  to  lour  stations. 

The  first  change  allowed  more  time  for  DME  lock-on  to  occur.  The  second  improved  the 
chance  ol  finding  a valid  DME  in  the  situations  encountered  in  the  Washington  area  where 
mountains  limit  the  number  ol  stations  that  can  be  received  when  operating  at  low  altitude. 
Trouble  experienced  with  the  autotune  system  during  the  flight  test  was  eventually  traced 
to  a marginal  RNI  card  in  the  NCU. 

2. 3. 3. 3 Navigation  Control  and  Display  Unit  Software 

No  major  changes  were  made  in  the  NCDU  software  from  the  meehani/ation  defined  in 
the  reference  3 requirements  document.  Minor  changes  incorporated  included 

• NAV  DATA  I page  error  displays  always  relate  to  the  flight  plan  regardless  of 
autopilot  mode. 

• WIND  is  calculated  wing  CAS  when  IAS  <150,  and  wind  speed  calculation 
stopped  when  radar  altitude  is  <5  It. 

• NAV  DATA  3 VORTAC  station  frequency  has  M annunciation  when  selected  by 
keyboard  entry. 

i 

■ 


L 
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I’l'A  computation  for  the  last  leg  changed  to  DTOtiO  (iS 


• Alter  a power  interrupt,  a new  Nt  DU  page  is  always  transmitted 

I lie  last  change  is  to  protect  against  keyboard  lockup  follow  ing  a momentary  power 
interrupt. 

2.3.3  4 Ml  I)  Software 

I.  was  found  that  a l-sec  lag  filter  was  required  I’oi  a smooth  presentation  ol  trend 
vector  on  the  Ml  l)  display.  Also,  double  precision  calculation  and  a 3-sec  lag  filter  were 
required  for  the  altitude  range  symbology. 

The  only  new  features  added  to  the  MH)  during  the  flight  test  period  were  the 
addition  of  a reciprocal  line  to  the  radial  symbol  and  the  addition  of  data  to  the  bottom  ol 
the  display.  The  latter  resulted  from  pilot  requests  lor  dab.  to  be  continuously  displayed  on 
the  MFD.  The  data  displayed  are 

• Map  scale 

• Grouiulspeed 

• Windspeed  and  direction 

• Guidance  mode 

Very  few  software  problems  were  experienced  during  flight  test  relating  to  the  MFD 
display.  There  were  occasions  when  extraneous  lines  or  conics  appeared,  but  these  were 
quickly  traced  and  corrected.  An  unresolved  deficiency  was  latitude/longitude  grid  lines 
being  displayed  in  erroneous  positions  on  some  map  scales. 

2. 3. 3. 5 EADI  Software 

A great  deal  of  development  time  and  software  debugging  effort  were  spent  on  the 
EADI  software  throughout  the  flight  test  period  to  correct  deficiencies  in  the  basic  design 
and  to  correct  software  mechanization  errors.  Not  all  of  these  ellorts  were  suecesstul  by  the 
time  flight  test  was  terminated.  Design  changes  mechanized  were: 

• Implementing  a 5°  pitch  bias  between  the  airplane  symbol  and  the  0 pitch 
horizon 

• Adding  a l-sec  lag  filter  to  flightpatb  acceleration  (FPAC) 

• Limiting  FPAC  to  ±10 

• Incorporating  in  the  display  system  flightpatb  angle  (FPA)  flashing  symbol  when 
Hare  is  initiated  by  the  1CPS 
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• Simplifying  the  mechanization  of  speed  error  to  transfer  the  data  processing  load 
to  the  display  computer 


Problems  were  encountered  with  both  the  VNAV  star  and  ciicle  and  the  iimway 
symbology.  Debugging  these  problems  was  successful  to  the  point  that  the  symbology  was 
within  screen  limits  and  the  displayed  formats  were  correct.  However  in  some  situations 
when  all  or  part  of  the  symbology  was  being  limited  within  the  screen  coordinates, 
distortions  and  errors  in  the  displayed  presentation  would  result  the  problem  was  minor 
for  VNAV  symbology,  but  the  runway  symbology  could  become  distorted  This  problem 
was  not  solved  prior  to  the  end  ol  flight  test. 


A problem  with  the  baro  inertial  vertical  situation  calculation  had  a pro  I ouiul  el  led  on 
the  EAD1  Large  vertical  speed  (111)01 ) computation  errors  resulted  when  the  airplane  was 
on  the  ground  during  landing  and  takeoff  runs.  Noise  reetilieation  at  the  N(  l1  A I) 
converter  caused  errors  in  the  INS  vertical  acceleration  input  to  the  baro  inertial  loop  and 
caused  the  tlightpath  angle  symbol  on  the  EAD1  to  be  in  error  during  takeoff  and  landing. 
The  problem  was  circumvented  in  the  EAD1  soil  ware  by  forcing  the  vertical  acceleration 
input  to  zero  when  radio  altitude  is  less  than  5 It. 


2. 3. 3.6  GUID  Software- 

No  changes  were  made  to  the  basic  2D  and  3D  guidance  routines  developed  in  the 
simulator.  Angle-of-attaek  limits  were  added,  and  a versine  function  was  temporarily 
incorporated  until  the  I CPS  computer  program  could  be  modified  to  include  it. 

The  time  guidance  (4I»  mechanization  was  not  changed,  but  the  autothrottle  control 
function  in  the  NCU,  which  had  not  been  fully  developed  in  the  simulator,  was  progressively 
developed  as  the  flight  test  continued.  Gains  and  limits  were  changed,  control  logic  was 
modified,  double  precision  computation  for  control  integrators  was  introduced,  and  a 
versine  function  was  added.  The  final  configuration  was  a stable  smooth-working 
autothrottle  that  did  not  overboost  and  was  not  overaetive. 

The  flight  director  output  from  the  GUID  routine  was  tuned  to  pilot  requirements  by 
gain  changes  and  a 3-sec  lag  tilter. 

The  AGCS  mode  panel  mode  logic  and  displays  are  generated  in  the  NCU  software,  and 
the  mode  selections  control  the  guidance  outputs  from  the  NC  I to  the  1C  PS  and 
aututhrottle.  Only  minor  changes  were  made  to  the  mode  logic  during  Might  test, 
specifically,  the  method  of  canceling  a preselect  mode  was  simplified  Changes  were  also 
made  to  the  ALT  HOLD  mode  capture  logic. 


23.3.1  EXEC  and  Miscellaneous  Software 

Included  in  this  category  are  software  changes  made  to  the  power  interrupt  logic . 1 O 
functions,  and  bulk  data.  The  power  interrupt  software  was  modified  to  compensate  tor  the 
design  problem  that  existed  in  the  NC'U  hardware. 
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Prior  to  the  first  flight,  a wiring  change  was  installed  to  change  over  the  pitch  and  roll 
synchro  inputs  to  engine  pressure  ratio  (TER)  lor  the  ACiCS  configuration  The  NCU 
software  was  modified  accordingly  to  process  the  TER  inputs  and  to  receive  pitch  and  roll 
from  the  SI’lil*  input  bus  from  the  l(  PS. 

Frequent  changes  were  made  throughout  the  (light  test  to  change  the  output 
parameters  on  the  AR1NC  561  output  bus  lor  data  recording  purposes. 

Hulk  data  were  updated  periodically;  specifically,  the  Whidbey  Island  LACAN  (NUW) 
was  added  to  improve  DMT  coverage  in  the  Paine  field  area.  A design  error  was  also  found 
and  corrected  to  make  all  geographic  reference  points  (CiRPs)  be  referenced  to  a VORTAC 
or  1)ME.  All  references  to  VOR-only  navaids  were  deleted. 

2.4  INERTIAL  NAVIGATION  SYSTEM  (INS)  PERFORMANCE 

2.4.1  General 

The  basic  ADEDS  task  required  the  installation  of  one  INS  to  provide  interface  data  to 
the  displays.  However,  to  support  the  performance  ol  the  AGCS  test,  three  LIN-51  INS 
platforms  were  installed  on  the  ADEDS  test  airplane  1 he  ADi  DS  interlaced  only  with  the 
system  No.  2.  Modifications  incorporated  by  L itton  (section  2 4.2)  in  order  to  meet  ADEDS 
specifications  resulted  in  undesirable  side  cttccts  to  the  INS  performance.  1 his  problem 
manifested  itself  as  velocity  errors  that  presented  basic  problems  for  the  triple  autopilot 
sensor  error  detection  circuitry.  Even  after  the  specified  performance  was  relaxed  as 
described  in  section  2.4.2,  only  INS  No.  2 operated  successfully,  and  Litton  was  required  to 
provide  replacement  INS  units  to  attempt  to  correct  this  problem. 

The  navigation  system  failures/incidents  No.  69  through  95  (appendix  D)  include  15 
incidents  relating  to  the  INS,  and  some  of  these  incident  reports  cover  multiple  occurrences 
of  the  same  problem. 

2.4.2  INS  Modification 

It  was  the  intention  that  all  the  INS  systems  used  in  the  flight  lest  would  be  identically 
modified  per  ADEDS  requirements  in  ‘he  interest  ol  interchangeability.  The  modifications 
included  increasing  the  horizontal  afceleration  resolution  within  the  INS  from  L8  It  sec  to 
1/256  ft/see.  This  hardware  change  was  exclusively  lor  the  ADEDS  display  functions.  All 
three  INS  were  also  guaranteed  oy  Litton  to  have  a standard  accelerometer  in  the  vertical 
axis.  (This  is  an  option  with  the  LTN-51  and  consequently,  unless  specified,  no  great  effort 
is  made  to  calibrate  this  out  pi  t during  the  l.TN-51  checkout  phase  at  the  factory.) 

The  LTN-51  systems  all  had  modified  software  to  accommodate  the  horizontal 
acceleration  resolution  change  and  to  provide  the  binary  output  data  and  rates  required  for 
ADEDS  and  the  AGCS  flight  control  computer.  These  are  defined  in  the  interface  document 
(ref.  6). 

The  systems  modified  to  provide  1/256  It/sec  horizontal  acceleration  would  not 
navigate  satisfactorily;  therefore,  the  modification  was  changed  to  1/64  ft  see  Still  only  one 


system  could  be  made  to  perform  properly,  so  Litton  provided  initially  two,  and  then  one, 
f standard  LIN-51  system  with  .1  patch  to  the  Ai)l  1)S  software  to  overcome  this  deficiency 

to  AGCS  requirements.  I he  one  system  that  met  ADLDS  performance  was  used  to  interface 
with  the  ADLDS. 

2.4.3  Summary  of  INS  Performance 

As  a consequence  of  the  modification  to  provide  1/256  ft/sec  horizontal  acceleration 
resolution,  the  flight  performance  of  the  modified  INS  system  was  unacceptable  The 
problem  was  not  detected  during  laboratory  and  ground  tests,  but  it  became  apparent 
immediately  in  llight  when  large  ground  speed  discrepancies  (greater  than  10  kt)  were 
observed  between  the  three  INS  systems.  Also,  large  groundspeeds  were  indicated  when 
stopped  on  the  ground  after  (light.  The  characteristic  ol  this  problem  was  that  the  system 
navigation  errors  exhibited  an  unexpectedly  large  Schuler  (84.4-min  period)  oscillation, 
whereas  the  underlying  long-term  gyro  drift  errors  appeared  to  be  quite  small. 

1 he  magnitude  ol  the  Schuler  oscillation  varied  from  system  to  system  SN  064.  which 
was  used  extensively  throughout  the  llight  test,  was  an  example  ol  this  problem  with  GS 
errors  consistently  of  the  order  of  10  kt.  as  shown  in  table  2-4.  A normal  system  will  have  a 
groundspeed  error  no  greater  than  5 kt  after  a 3-hr  flight.  Table  2-4,  which  summarizes  the 
INS  performance,  shows  the  time  in  navigation  (NAV)  mode,  the  (light  time,  and  the 
latitude  (A  LA  I ) and  longitude  (A  LON)  errors  in  minutes  per  flight  hour.  It  can  be  seen 
that  the  long-term  navigation  error  ol  the  LTN-51  was  well  within  their  2-inni/hr  2-sigma 
specification,  despite  the  Schuler  oscillation  problem.  Rarely  did  the  error  rate  exceed  I arc 
min  per  flight  hour  in  either  axis  unless  the  system  was  faulty. 

Litton  was  unable  to  solve  the  Schuler  oscillation  problem  with  the  1/256  ft/sec 
acceleration,  so  Boeing  allowed  a relaxation  of  Tie  resolution  requirement  to  1/64  ft /sec 
acceleration.  After  the  modification  was  incorporated,  one  system,  SN  406.  performed  well 
within  specification;  one  system,  SN  094,  continued  to  exhibit  consistently  large  Schuler 
oscillations  and  the  third  system,  SN  74S,  exhibited  an  intermittent  problem  whereby 
extremely  large  groundspeed  errors  (up  to  54  kt)  would  appear  during  turns.  Because  of 
this,  many  of  the  flight  tests  were  conducted  with  one  unmodified  INS  (SN  766)  in  the 
No.  1 or  No.  3 position.  On  one  flight,  use  of  the  INS  SN  776  in  the  No.  2 position  proved 
that  the  decreased  acceleration  resolution  caused  visible  granularity  of  acceleration 
dependent  symbology  on  the  EAD1  and  MFD  displays. 

The  failures/incidents  recorded  in  the  INS  systems  during  (lie  llight  test  period  are 
shown  in  appendix  D.  A breakdown  of  the  (5  failures/incidents  charged  to  the  INS  system 
is  as  follows: 

• Excessive  velocity  errors  5 

• Excessive  position  error  1 

• WARN  indications  4 

• Software  problems  5 


1 


.6  094  | Automatic  si 
no  data 


Six  INS  systems  were  utilized  during  the  flight  test  period  i liese  were: 


1 ) SN  094 
(modified) 


Large  GS  Schuler  errors  before  and  after  modification  changed  to 
1/64  ft /sec.  failed  twice  in  flight  in  NAV  and  AT  I modes 


2)  SN  406 
( mod  it  ied ) 


Good  performance  aftei  modification,  changed  to  I 64  It  sec 


3)  SN  039 
(modified) 


Rejected  for  large  navigation  errors,  withdrawn  when  unable  to 
isolate  the  problem 


4)  SN  748  Replaced  SN  039.  Intermittently  exhibited  iarge  GS  errors 

(modified) 

5)  SN  766  Excellent  performance  until  failed  in  NAV  and  AI  I modes  on 

(unmodified)  penultimate  test  flight 


6)  SN  753  System  loaned  for  one  flight 

(unmodified) 


2 4.4  INS  Software 

The  INS  software  package  was  modified  for  ADEDS  in  accordance  with  the  reference  3 
requirements  document.  These  changes  included  magnetic  variation  computation  and  last 
rate  digital  data  outputs  to  the  NCU  and  IC'PS  systems. 

Errors  were  found  during  flight  test  in  this  modified  software  package.  These  errors 
included  a scaling  error  in  the  velocity  outputs  to  the  NC  U,  which  caused  complete  loss  of 
ADEDS  navigation  capability  during  the  first  half  of  the  first  engineering  test  flight.  Other 
errors  in  the  INS  acceleration  outputs  and  true  heading  computation  rate  also  compromised 
the  NCU  computation  of  the  MFD  trend  vector  display  and  the  EADI  symbology  dependent 
upon  drift  angle.  The  first  problem  was  corrected  by  the  3rd  flight,  but  the  true  heading 
output  problem  was  not  diagnosed  and  corrected  until  the  12th  test  flight.  The  only  other 
significant  INS  software  problem  involved  the  logic  for  receiving  runway  heading  data  from 
the  NCU. 

Additional  software  changes  were  made  in  the  INS  to  provide  interlace  data  for  the 
ICPS.  These  changes  provided  two  identical  track  angle  errors  and  one  groundspeed  output 
live  times  per  second.  Unfortunately,  the  groundspeed  error  problems  experienced  with  the 
INS  system  frequently  caused  discrepancies  in  these  functions  between  systems  and  caused 
nuisance  first  failure  indications  in  the  ICPS. 


3 0 FLIGHT  T EST  RESULTS  AND  COMMENTS 


» 


* 


3 1 FLIGHTIEST  DATA 

Reterence  4 provides  a detailed  description  ol'  the  instrumentation  data  recording  and 
processing  utilized  in  the  ADEDS  flight  tests.  The  data  acquired  during  the  53  hr  of  flight 
testing  were  subjected  to  dillerent  levels  of  processing.  Data  acquired  during  the  engineer  ng 
acceptance  phase  ol  the  tests  were  processed  as  quick-look  time  history  plots  and  printt  lit 
lor  system  troubleshooting  and  debugging.  Data  recorded  during  the  operational  evaluation 
phase,  including  demonstration  (lights,  were  processed  to  provide  overall  time  history  plots 
of  each  variable  and,  for  selected  variables  and  time  intervals,  were  reprocessed  to  provide 
summary  statistics 

Flightcrcw  manual  notes  and  video  recordings  of  the  displays  taken  during  flight  were 
used  extensively  in  identifying  the  time  intervals  of  interest  for  detailed  analysis.  These 
notes  identified  the  test  condition,  i.e.,  the  procedure  (path)  being  llown,  the  guidance 
option  used,  and  the  experimental  system  pilot  or  autopilot.  A manual  log  was  maintained 
of  the  approximate  arrival  times  at  each  waypoint  in  order  to  correlate  the  waypoint 
crossing  time  events  in  the  digital  data  and  time  history  plots.  The  manual  notes  were  also 
used  to  record  events  such  as  traffic  diversions  or  other  excursions  from  the  planned  flight 
profile  to  aid  in  identifying  the  meaningful  data  segments  on  the  magnetic  tape. 

A review  of  the  test  logs  and  manual  notes  identified  163  such  segments  in  the 
operational  evaluation  and  demonstration  flight  phases.  These  data  segments  were  then 
stripped  off  the  flight  tapes  for  detailed  statistical  processing. 

The  statistical  processing  of  the  data  segments  was  performed  on  the  EAI  8400 
computer  and  consisted  of  computing  the  average  value,  rms  value,  and  standard  deviation 
for  each  of  eight  variables  over  each  leg  of  the  procedure  flightpath  in  the  data  segment  and 
identifying  and  posting  the  maximum  and  minimum  values  of  each  variable  on  each  leg. 
Time  histories  of  the  raw  data  values  and  the  rms  values  were  concurrently  plotted  in  order 
to  identify  dropouts,  overflows,  or  other  data  quality  problems  resulting  from  onboard 
recorder  problems  or  experimental  system  malfunction. 

Using  the  manual  notes  and  the  time  history  plots,  the  statistical  data  printouts  were 
then  annotated  to  identify  the  appropriate  path  legs  fiom  which  the  samples  were  obtained. 
This  was  done  by  assigning  the  waypoint  name  representing  the  end  waypoint  of  each  leg  to 
the  statistical  value  corresponding  to  the  processed  sample.  The  data  from  the  printouts 
were  then  posted  to  data  sheets,  which  organized  the  data  samples  by  path  procedure  and 
by  waypoint  for  each  piloted  run  and  autopilot-coupled  run  These  data  sheets  are 
contained  in  appendix  P of  this  report.  In  reducing  the  volume  of  test  data  to  arrive  at 
aggregate  statistical  measures  for  performance  comparison  and  comparison  of  (light  test 
results  with  simulation  test  results,  only  the  primary  guidance  error  variables  were  selected. 
These  were  crosstrack  error  (lateral  deviation  from  the  flight  path),  altitude  error  (vertical 
from  the  flight  path),  and  time  error  (deviation  from  the  schedule) 
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As  noted  m relerenee  4,  the  scope  ol  the  ADIRS  program  did  not  include  a detailed 
measurement  of  the  navigation  accuracy  ol  'lie  system  and.  moreover,  a nominal  navigation 
accuracy  of  0.1  nmi  was  specified  as  adequate  for  the  flight  tests.  The  navigation  accuracy 
achieved  during  these  tests  was  sampled  during  the  flights  and  is  discussed  m section  ..  . 
For  the  purposes  of  the  operational  evaluation  Right  tests,  the  navigation  eirors  a Reeled  the 
test  results  only  at  certain  waypoints,  inasmuch  as  these  tests  focused  upon  anc  measurer 
only  the  tracking  errors  as  the  performance  variables  of  primary  interest.  Ihe  navigation 
errors  were  thus  noticeable  only  on  flight  path  legs  that  included  waypoints  I.  red  on  the 
runway,  such  is  brake  release  points  (BRIM,  hl.-ofl  points  (LOIR.  or  touchdown  /ones 
(7 1)/).  He  cause  of  the  effect  of  navigation  errors  on  the  guidance  errors,  the  icsults  lot  sue  l 
waypoints  were  not  included  in  the  peiformance  data  summaries. 

In  evaluating  performance,  a measure  of  the  “tightness"  of  tracking  was  desired  I lie 
mean  deviation  from  the  path  reference  values  was  thus  rejec  ted  as  a performance  measure, 
and  the  standard  deviation,  winch  reflects  the  variability  ol  the  data  sample,  was  chosui 
Table  3-1  summarizes  the  overall  tracking  perlormance  observed  during  the  operational 
evaluation  test  phase.  The  guidance  error  values  listed  were  obtained  by  computing  he 
arithmetic  mean  ol  the  respective  data  sample  standard  deviation 

As  a qualification  on  the  data  presented  and  as  a recommendation  lor  further  testing  ol 
this  tyie  it  should  be  noted  that  a more  meaningful  measure  ol  perlormance  results  won 
be  obtained  by  using  an  amplitude  probability  distribution  ol  the  observed  guidance  errors^ 
This  ty  pe  of  data  processing  would  provide  a measure  ol  the  percentage  of  time  that  the 
errors  exceeded  given  values  and  thus  would  be  more  useful  in  determining  eltect.ve  route 
widths  or  altitude  bands  usable  in  path  oriented  Right  operations. 

In  examining  table  3 1 it  is  apparent  that  the  tracking  performance  yielded  by  all 
guidance  options  is  comparable,  i e..  less  than  0.2-nm.  lateral  error,  less  than  50-ft  vertical 
error  and  less  than  5-sec  schedule  error.  Furthermore,  the  performance  with  the  pilot  in  the 
guidance  loop  is  not  substantially  different  from  the  performance  with  autopilot  and 
autothrottle  coupling  to  the  guidance  loop.  In  regard  to  this  point  it  should  be  noted  that 
control  law  modifications  and  other  performance  improvements  were  being  made  to  he 
experimental  autopilot  throughout  all  phases  of  the  ADEDS  flight  test  period  While  the 
autopilot  performance  does  not  therefore  represent  the  performance  of  a comp  Ice  ly 
developed  system,  coupled  mode  data  were  nevertheless  acquired  both  tor  High 
demonstration  purposes  and  for  providing  a performance  baseline  tor  eo.npa.ison  with 

pilot-ivi-loop  performance. 

Table  3-2  provides  a more  detailed  breakdown  of  the  performance  data  in  relation  to 
the  type  of  path  segment  from  which  the  data  were  acquired  The  simulation  tests  o 
reference  5 were  obtained  using  a single,  standard  test  path  The  Right  tests  were  performed 
using  path  configurations  appropriate  to  weather  and  tralf.c  conditions  chosen  t. on  he 
experimental  path  catalog  of  reference  4 and  supplemental  test  paths  ol  appendix • C | 1 - 

report,  in  the  reduction  of  the  Right  test  data,  the  data  were  elass.I.ed  by  the  type  ol  path 
segment  or  leg  as  shown  in  the  description  column  ol  table  3-2. 

Examination  ot  table  3-2  reveals  that  the  tracking  performance  on  departure  p iths  is. 
in  general,  less  precise  than  the  performance  on  arrival  paths.  This  is.  in  part,  because  of  it 
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TABLE  3-2.— SUMMARY  COMPARISON  OF  PRIMARY  GUIDANCE  ERRORS 
BY  TYPE  OF  PATH  SEGMENT 
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Crosstrack  eiror 
(ft) 

Altitude  error 
(ft) 
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Leg  type  descf  i pt ion 

Auto 

Manual 

Auto 

Manual  | 
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Arrival  Path  Segments 
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T ime  error 
(sec) 


Straight  and  level 
(or  shallow  descent) 


Straight  steep  descent 


Curved,  decelerating  descent  1198 


Final  approach  fix 


Departure  Path  Segments 


itial  climb  legs  after  lift-off  -?99 


Curved,  climbing,  accelerating  649 


Speed-limited  straight  climb  519  647 

(below  10,000  ft) 


Straight  climb  to  11,000  ft  159  606 

or  higher 


Cruise  Segment 


En  route 


Indicates  sample  size 
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nature  ol'  crew  workload  on  takeoff  and  the  priorities  given  to  path-tracking  tasks  as 
opposed  to  airplane  configuration  changes,  engine  performance  monitoring,  airplane  systems 
checklists,  and  communications  with  traffic  control.  In  contrast  the  same  categories  of 
tasks  are  less  compressed  in  time  during  arrival  and  approach  operations.  Another  general 
trend  in  the  data  is  seen  by  comparing  the  performance  on  cut  veil  path  segments  to  that  on 
straight  segments.  As  expected,  the  tracking  performance  decreases  with  paths  of  more 
dynamically  complex  configurations. 

Of  more  interest  is  the  general  level  of  tracking  precision  over  all  the  test  conditions  In 
spite  of  the  limited  si/e  of  the  data  sample,  the  results  support  the  feasibility  of  31)  and  ‘ D 
path  operations.  Of  special  interest  is  the  performance  on  path  legs  leading  to  a fn  al 
approach  fix  as  shown  in  line  4 of  table  3-2.  These  results,  obtained  with  an  experimen  al 
system  under  development  and  with  limited  time  for  training  and  development  of  optinu  m 
procedures,  should  encourage  further  development  efforts  and  testing  toward  the  eventual 
implementation  ol  this  type  of  operation 

3.2  OPERATIONAL  DESIGN  CRITIQUE 

This  section  summari/es  the  subjective  reactions  ol  two  categories  of  observers  during 
the  course  of  the  flight  testing:  flightcrews,  including  both  Boeing  engineers  and  flight  test 
and  training  pilots  as  well  as  qualified  pilots  from  airline,  military,  and  other  Government 
agency  organizations;  and  Air  Traffic  Controllers  from  local  ARTCC,  Approach  Control,  and 
Tower  facilities. 

3.2.1  Flight  Crew  Comments 

This  section  represents  a consensus  of  comments,  criticisms,  and  recommendations  of 
the  various  qualified  flighlcrew  members  participating  in  the  program. 

3.2. 1 . 1 Overall  System  Operational  Concept 

A primary  objective  of  the  ADEDS  program  was  to  assess  the  feasibility  of  3D  and  4D 
path  operations  for  commercial  transport  aircraft.  This  type  of  operation  is  markedly 
different  from  the  existing  operational  environment  and  requires  changes,  not  only  to  the 
onboard  systems,  displays,  and  crew  procedures  but  also  to  the  airspace  structure  and  traffic 
control  facilities  and  procedures.  Since  the  scope  of  the  program  did  not  permit  the 
establishment  of  a complete,  experimental  airspace  and  airspace  management  system,  the 
ADEDS  flight  tests  concentrated  on  the  questions  of  onboard  system  operation,  pilot 
technique,  and  crew  procedures,  and  the  development  of  a data  base  for  both  the 
quantitative  measures  of  system  performance  and  the  subjective  evaluation  and  composite 
judgment  of  a cross  section  of  pilots. 

Fundamental  questions  in  the  area  of  3D  and  41)  operational  feasibility  were  related  to 
the  problem  of  Hying  an  aircraft  in  accordance  with  a groundspeed  and  time  schedule  and 
the  level  of  attention  that  the  crew  must  devote  to  tracking  such  paths.  The  task  of 
managing  the  aircraft  trajectory  to  minimize  lateral  and  vertical  deviations  is,  ol  course, 
increased  when  the  additional  burden  ol  maintaining  along-track  control  or  schedule 
keeping  is  added.  This  problem  requires  additional  information  for  the  crew.  The  content 
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and  presentation  of  this  information  to  the  pilot  in  the  form  of  CRT  display  formats  and 
symbology  was  the  primary  loens  of  the  Al)l  OS  program.  It  should  be  noted  that  there  has 
been  an  increasing  use  of  speed  and  arrival  time  eontrol  for  'rallie  spacing  in  the  present 
AfC  system.  The  use  of  voiee  vector  speed  commands  is  commonplace  for  air  carrier 
operation  in  terminal  areas  ol  even  moderate  trail ic  density. 

I he  ADTDS  (light  tests  clearly  demonstrated  that  path-oriented  operations  are  feasible 
and  do  not  place  an  undue  burden  on  the  total  piloting  task,  with  path  designs  properly 
matched  to  ambient  weather  conditions.  In  particular,  the  management  ol  thrust  and  speed 
for  schedule  keeping  on  41)  paths  does  not  add  an  undue  workload  to  the  pilot,  the 
addition  of  path-following  features  to  the  autopilot,  of  course  provides  a reduction  m 
workload  during  this  type  of  operation,  and  coupled  automatic  modes  may  be  the  standaid 
operating  procedure  in  line  operation. 


During  the  flight  test  period,  lour  types  of  departure  paths  and  lour  types  of  arrival 
paths  were  flown.  In  general,  these  path  configurations  were  conservatively  configured  with 
respect  to  the  737  performance  envelope.  As  expected,  the  two-segment  arrival  paths  were 
most  sensitive  to  variation  in  pilot  technique. 


j 2.1  I I Departure  Paths  I he  four  types  of  departure  paths  flown  were  standard 
departure  noise-abatement  climbs,  departure  turns, ,and  close-in  turns  A general  impression 
resulting  from  the  experience  in  flying  the  departure  paths  is  that  time  eontrol  should  be 
deemphasized.  at  least  in  the  early  stage  of  the  departure,  for  more  elticient  energy 
management.  Adherence  to  the  3D  representation  of  the  path  piesentcd  no  problems  during 
this  phase  of  flight,  and  the  path  operation  concept  presum  > a network  ol  diveiging 
departure  paths  that  provide  adequate  separation  without  strict  time  control  I he  thrust 
changes  required  to  adhere  to  schedules  during  this  phase  of  flight  would  in  general, 
increase  fuel  cost  and  crew  workload  without  a corresponding  advantage  in  separation.  In 
other  words,  the  departure  path  design  should  emphasize  getting  the  aircratt  to  a transition 
altitude  (10,000  to  18,000  ft)  as  quickly  as  possible  with  a looser  tolerance  on  time  control. 
The  standard  departure  paths  and  noise-abatement  climb  departures  weie  in  general 
conservatively  defined  with  respect  to  aircraft  performance.  The  addition  of  the  3D  path 
capability  via  the  system  and  its  displays  yields  much  more  precision  in  the  perlorinanee  of 
these  maneuvers  and,  in  an  operational  system,  would  lead  to  more  detailed  and  timely 
information  for  use  by  both  the  I'lightcrew  and  the  ATC  controllers. 

The  curved  climbing  departure  paths  were  of  special  interest  due  to  their  potential  use 
for  avoiding  highly  noise-sensitive  areas  or  traffic  conflict  areas  in  departure  operations.  I lie 
system  capability  for  defining  and  displaying  these  paths  opened  up  new  operational 
capabilities  that  could  be  usefully  applied  to  many  operational  problem  areas  today  Die 
pilot  and  crew  tasks  involved  in  executing  these  types  of  maneuvers  are  straight lorward  and 
present  no  unusual  problems.  Useful  path  configurations  can  be  devised  for  both  departure 
turns  and  close-in  turns  that  are  well  within  both  the  aircraft  and  flight  control  system 
performance  and  passenger  eomlort  limits. 

3.2.1  1.2  Arrival  Paths  Four  types  of  arrival  path  configurations  were  also  flown 
standard,  straight  decelerating,  steep  two-segment,  and  curved  descent  paths.  As  was 
previously  mentioned,  the  two-segment  approaches  proved  to  be  the  most  ditticult  type 


from  the  standpoint  of  adhering  to  precise  time  schedules.  Slight  changes  in  the  gear  an 
nap  extension  schedules  were  round  to  be  helpful  in  executing  the  steep  scg.nen  s I 
extending  the  gear  at  altitude  and  slowing  the  airplane  to  a value  nuclei  the  5 hap  placa 
p.ior  to  initiation  of  sleep  segment  provided  sufficient  drag  to  permit  Luther  speed  and  1 ap 
...t  ustments  with  only  minor  excursion  above  the  vertical  prolile  In  line  operations  he 
path  configurations  could  be  defined  so  that  the  aircralt  is  slowed  to  an  airspeed  well  within 
the  placard  for  higher  flap  settings  to  permit  a higher  rpm  setting  lor  engine  ant.-icc 

provisions. 

I he  straight  decelerating  approach  profiles  presented  no  special  problems.  No  attempt 
was  made  during  these  limited  flight  tests  to  tailor  the  path  eonl.gurat.on  to  an  optimum 
speed,  thrust  setting,  and  flap  extension  schedule 

1 |K>  curved  descending,  decelerating  approach  paths  were  of  most  interest  and  were 
extremely  successful  The  Ml  0 map  presentation  provides  excellent  orientation  lorp.ec.se 
lateral  tracking,  and  the  UADI  flight  director  or  other  vertical  guidance  options  prov  ide  e 
information  for  veitical  tracking  The  execution  of  these  types  ot  paths,  even  with  the 
added  task  of  schedule  control  is  straightlor ward  and  routine. 


3.2.1 .2  System  Meeliani/ation 

? ->  / 2 1 Gemini  I he  CR1  displays,  as  nieeluini/ed  for  these  flight  tests,  were  notable 
sharp  and  clear  Problems  with  noise  and  jitter  early  in  the  tests  w re  resolved  m the  late 
stages  of  flight  as  were  the  earlier  problems  of  display  reliability.  I he  problem  ol  contras 
under  high  ambient  liehl  conditions,  while  greatly  reduced  In  the  l.ltmng  pi ovidcd  still 
remains  when  the  displays  are  illuminated  by  direct  sunlight  \lthough  UK)  loot  amlurts  ol 
brightness  was  considered  adequate,  .t  appears  that  speeilic  study  and  additional  t^tmg  me 
required  prior  to  specifying  this  design  criterion  for  production  systems^  Hie  reqtmcd  U 1 U 
should  consider  brightness,  filtering,  and  type  of  phosphor.  Investigation  ol  the  ADLDS 
FADI  brightness  problem  continued  after  completion  ol  the  t light  lest  this  imcstigatioi 
included  ‘a  spectrum  response  cheek  of  a sample  of  the  FAD.  filter  glass  by  hoeing 
Aerospace.  Results  of  this  test  revealed  a large  passband  in  the  blue  spectrum  that  would 
partially  account  for  the  bluish  tint  of  the  display.  A large  passband  m the  near  in  ra.ee 
range  was  also  found  which  would  partially  account  for  some  ol  the  degradation  m high 
ambient  light.  These  filter  deficiencies  were  verified  by  (.1  and  lollownp  cooidmutioi 
their  filter  supplier  was  initiated. 

The  mode  control  panels  for  (he  FADI  and  MI  D displays  were,  likewise  vulnerable  to 
washout  m direct  sunlight.  Hus  was  especially  true  ol  the  L I D readouts  lor  decision  hug 
setting  and  flightpalh  angle  reference  settings  on  the  FADI  mode  control  panel  I s. 
however  recognized  that  the  ADEDS  installation  in  the  test  aircraft  was  subject  o a 
number ’of  compromises  and  that  no  problems  were  encountered  that  could  not  U 
overcome  in  the  design  and  installation  of  a production  system 

A strong  recommendation  is  made  that  future  operational  systems  employing 
automatic  multisensor  navigation  systems  be  mechanized  so  that  independent  navigati 
solutions  are  available  for  reasonableness  checks  and  appropriate  annunciations  or  warnings 


m the  event  of  malfunction  ol  some  portion  of  the  combined  navigation  process.  Subtle 
failures  in  the  updating  of  the  map  presentation  may  go  undetected  in  the  present 
mechanization 

The  ADI  l)S  navigation  system  outputs  the  result  of  the  combined  navigation  process, 
and  while  the  individual  sensor  outputs  can  be  examined  and  cross  checked,  the  system 
should  embody  some  form  of  automatic  cross-checkin'  and  annunciation  ol  the  dillereuce 
between  the  combined  navigation  solution  and  the  individual  sensor  inputs.  Examples  ol  the 
type  ol  reasonableness  checks  that  could  be  applied  are: 

I ) The  LA'l/LON  outputs  of  the  combined  navigation  could  be  differenced  with  the 
INS  outputs.  T he  differences  could  be  compared  against  tolerance  values  and  an 
appropriate  annunciation  could  be  executed  when  the  difference  exceeds  this 
value. 

2)  The  radio-navigation  inputs  could  be  processed  separately  to  yield  a position 
measurement  in  L AT/LON  coordinates,  which  could  then  be  differenced  wiili  the 
NCU  outputs  I xceeding  a reasonable  error  bound  could  be  annunciated.  The 
annunciation  would  only  convey  the  message  that  the  difference  exists,  not  that 
one  computation  or  the  other  is  in  error  To  minimize  false  alarms  or  nuisance 
alerts,  the  excesses  could  be  counted  and  the  annunciation  made  only  in  the  event 
that  an  arbitrary  number  of  excesses  occurred, 

3. 2. 1.2. 2 EADI  The  basic  EADI  format.  TV  scene,  guidance  options,  IL.S  inforinatii  n, 
and  artificial  runway  symbol  are  described  in  the  following  paragraphs. 

Basie  EADI  Format  . The  basic  EAD1  formal  is  an  improvement  over  the  existing  ADI 
and  artificial  horizon  instruments.  This  improvement  is,  in  part,  due  to  the  increased 
resolution  that  results  from  the  larger  size  of  the  EADI.  The  flightpath  angle  symbology 
adds  extremely  valuable  velocity  vector  information  to  the  format.  The  velocity  vector  in 
conjunction  with  the  potential  flightpath  or  flightpath  acceleration  symbol  provides  a thrust 
management  capability  and  more  precise  overall  operation. 

The.  5°  bias  in  pitch  attitude  does  help  to  decrease  clutter  in  the  center  of  the  display; 
however,  it  tends  to  detract  from  the  assessment  of  angle  of  attack.  An  indication  of  angle 
of  attack  or  some  parameter  such  as  alpha  margin  could  be  added  at  the  side  of  the  EADI  to 
overcome  these  objections. 

EADI  TV  Scene:  During  the  approach  phase  of  flight,  superposition  of  the 
forward-looking  TV  scene  cn  the  EADI  provides  valuable  additional  inlormation  that  is 
independent  of  other  sensors  and  processes.  While  the  camera  system  used  in  the  flight  test 
exhibited  some  problems  in  picture  quality  (i.e.,  blooming  ol  approach  and  runway  lights 
under  night  conditions  and  loss  of  resolution  during  operations  into  severe  glare  conditions 
on  the  runway),  this  feature  provides  useful  information  for  maintaining  proper  lateral 
adjustment  with  the  runway.  The  estimation  of  the  touchdown  point  on  the  runway  is 
improved  with  the  velocity  vector  information  superimposed  on  the  TV  scene. 
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I ADI  Guidance  Options:  In  addition  to  the  basic  format  with  flight  director,  four 
diffeient  guidance  options  were  used  in  the  operational  evaluation  test  flights.  The  results  of 
these  test  flights  are  summarized  below. 

1)  The  lateral  and  vertical  guidance  provided  by  the  flight  director  satisfies  the 
display  requirements  lor  3D  path  operation.  Although  this  symbology  is 
referenced  to  the  airplane  attitude  rather  than  velocity  vector  information,  pilot 
lamiliarity  with  this  format  resulted  in  a strong  pilot  preference  for  this  option. 

2)  I he  path  perspective  options  (PI’S  and  1‘1’C)  arc  both  referenced  to  the  velocity 
vector  symbology.  While  this  factor  tended  to  focus  pilot  attention  on  llightpath 
angle  and,  indirectly,  on  thrust  management  symbology  and  cues,  the  interpreta- 
tion of  this  symbology  is  sufficiently  different  that  a number  of  adverse 
comments  were  recorded.  The  command  version  of  this  symbology  (1*1*0  received 
slightly  higher  acceptance  due  to  the  nature  of  the  control  law  centering  ol  the 
symbology.  Hie  lack  of  an  acceptable  velocity  CWS  mod  - in  the  autopilot 
undoubtedly  had  an  adverse  effect  on  the  evaluation  of  the  symbology,  inasmuch 
as  the  CWS  mode  is  designed  to  hold  velocity  vector  settings  and  thus  reduce  the 
tracking  workload. 

3)  The  two  guidance  options,  vertical  deviation  only  and  vertical  deviation  plus 
waypoint,  were  designed  to  force  the  pilot  to  split  the  path-tracking  task  into  two 
distinct  components  lateral  deviation  and  vertical  deviation  and  thus  to  force  a 
continuous  scanning  pattern  over  both  the  KADI  and  MFD.  As  expected,  the 
perceived  pilot  workload  was  increased  and  the  tracking  performance  was 
adversely  affected. 

In  summary,  3D  and  41)  path  tracking  w'as  acceptable  with  all  guidance  options  used; 
the  differences  observed  between  tracking  performance  are  considered  to  be  largely  due  to 
pilot  familiarity  with  the  symbology. 

Further  development  effort  is  recommended  in  this  area.  Flightpath  angle  or  velocity 
vector  display  is  a valuable  addition  to  the  complement  of  information  available  to  the  pilot. 
This  is  true  not  only  for  3D  and  4D  path  operation  but  also  for  operation  in  today’s 
environment.  There  were  some  comments  to  the  effect  that  the  flightpath  angle  information 
was  sufficient  for  all  pilot  tasks  and  that  the  aircraft  attitude  information  should  be 
removed  from  the  KADI  format  to  reduce  display  clutter.  While  this  argument  has  some 
merit,  it  is  felt  that  both  attitude  and  llightpath  angle  information  are  useful  and  that 
continuous  presentation  of  attitude  information,  in  particular,  is  required  for  safety-of-flight 
considerations.  Formats  that  emphasize  llightpath  angle  and  also  portray  alpha  margin  or 
some  other  measure  of  pitch  attitude  should  be  developed  and  evaluated  in  future  studies  of 
this  type. 

EAD!  ILS  Information:  Reference  3 describes  the  mechanization  selected  for 
presentation  of  ILS  information  The  rectangular  symbol  is  driven,  at  high  sensitivity,  the 
raw'  localizer  deviation  and  glide  slope  deviation  signal  from  the  II  S receiver  and  is  intended 
to  be  used  solely  as  a monitor  of  autoland  system  performance.  During  the  course  of  the 
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I'light  test,  an  alternative 
presentations  were  devised 
with  pilot  responses. 


presentation  of  raw  ll.S  data  was  desired,  lwo  alternative 
with  lowered  deviation  sensitivities  that  were  more  compatible 


While  the  limited  amount  of  test  time  precluded  the  development  oi  optimum 
presentations  for  manual  approaches,  the  experience  points  to  the  usefulness  ol  raw  1LS 
presentations  and  need  for  separate  tormats  lor  autoland  and  manual  approaches. 

EAD1  Artificial  Runway  Symbol:  The  artificial  runway  symbol  is  a useful  display 
feature  in  the  initial  phases  of  the  approach.  When  navigation  errors  are  not  excessive,  the 
symbol  provides  useful  guidance  information  in  setting  up  the  proper  linal  approach  path 
When  this  symbol  is  superimposed  upon  the  TV  scene,  however,  the  elleet  ol  navigation 
errors  becomes  increasingly  more  distracting  as  the  range  to  touchdown  deci cases. 


It  is  strongly  recommended  that  the  combined  navigation  process  be  modified  so  as  to 
include  ll.S  information.  This  would  reduce  the  crosstrack  component  of  navigation  error 
on  final  approach  to  a level  well  within  tolerance  and  would  thus  eliminate  the  distracting 
influence  of  the  artificial  runway  symbology.  At  some  point  on  the  approach,  the  TV  scene 
of  the  actual  runway  is  sufficiently  sharp  and  clear  to  provide  all  the  necessary  information 
on  alignment  and  thus  obviates  the  need  for  artificial  cues.  While  schemes  lor  automatic 
removal  of  artificial  runway  symbology  could  be  mechanized,  the  provisions  for  manual 
selection  of  symbology  arc  1 ol t to  be  sufficient  and  less  contusing. 

3. 2. 1.2. 3 MFD  The  MFD  was  designed  and  used  exclusively  as  a map  presentation  or 
horizontal  situation  display  throughout  the  ADFDS  program.  The  ADEDS  MFD  presenta- 
tions were  highly  successful  and  emphasized  the  utility  ol  such  displays  and  their  value  in 
maintaining  an  easily  interpreted  orientation  during  flight. 

As  in  all  such  CRT  displays,  the  information  density  at  high  map  scales  can  result  in 
display  clutter  and  unreadable  symbology  if  the  mechanization  does  no.  provide  the 
selective  control  of  symbology  or  for  some  scheme  for  symbol  priority.  Hie  ADEDS 
mechanization  employed  a display  mode  control  panel  with  pushbutton  switches  to  provide 
symbology  selectivity.  A limited  amount  of  automatic  symbol  selective  was  provided  in 
the  case  of  the  radio  navaid  symbology:  i.e.,  radio  navaids  that  are  nor  part  ol  the  high 
altitude  route  structure  are  not  displayed  at  the  32  nmi,  in.  map  scale. 


The  MFD  map  scales,  orientation,  altitude/range  symbology,  and  radial  and  track  select 
symbology  are  described  in  lurther  detail  below. 

MFD  Map  Scales:  The  map  scales  available  on  the  ADEDS  are  1,  2,  4,  8,  16,  and  32 
nmi/in.  While  this  choice  of  scales  is  more  easily  mechanized,  a preferable  system  should  be 
devised.  One  such  scheme  might  be  a semilogarithm  scale  selection  such  as  1.3,  5,  4,  15,  and 
25  nmi/in.  This  would  provide  a less  abrupt  change  of  presentation  with  map  scale  changes. 


MFD  Orientation:  Both  track-up  and  north-up  map  presentations  were  provided  by 
ADEDS.  The  desired  orientation  was  selectable  by  a switch  on  the  Ml  D mode  control 
panel.  The  track-up  mode  was  found  to  be  the  only  useful  orientation  for  execution  ol  tne 
flightpaths  (i.e.,  tracks,  the  flightpath  using  manual,  CWS.  or  select  hold  modes).  The 
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north-up  presentation  is  highly  valuable  for  nonpilot  operation  such  as  generating, 
reviewing,  or  modifying  a flightpath  including  momentary  referral  when  in  autopilot 
coupled  path  modes  It  is  desirable  to  have  the  capability  for  both  orientations  as  each  has 
its  specific  uses. 

Mi  l)  Altitude/Range  Symbology:  The  depiction  of  altitude  intercept  points  on  the 
Mi  l)  map  presentation  was  highly  successful  and  provides  extremely  useful  information  for 
climb  and  descent.  A suggestion  is  made  that  the  setting  of  the  reference  altitude  should  be 
made  more  easily,  perhaps  by  using  the  autopilot  altitude  select  knob  rather  than  the  Nt  l)U 
select  page.  I he  information  provided  by  this  feature  is  predictive  information  not  provi  led 
by  any  conventional  instrumentation  and  removes  much  ol  the  guesswork  regarding  the 
cllects  ol  thrust  setting  and  aircraft  performance  upon  climb  and  descent  capabilities. 

Ml  I)  Radial  and  Track  Select  Symbology:  Two  display  features  that  were  useful  in 
the  presentation  of  relative  bearing  information  were  the  radial  symbol  and  the  track  select 
symbol. 

I he  radial  symbol  depicts  the  de,  d bearing  relative  to  a navaid  facility  or  navigation 
fix  while  the  track  select  symbol  depicts  the  relative  bearing  of  the  airplane's  predicted  track 
as  selected  using  the  autopilot  track  select  knob,  both  symbols  provide  a graphic 
presentation  ol  the  guidance  situation,  which  is  extremely  useful  and  is  not  available  with 
conventional  aircraft  instrumentation. 

.12.1.2.4  XCDU  With  the  advent  ol  inertial  navigation  systems  and  an  increasing 
implementation  of  (R-Nav)  systems  in  commercial  aircraft,  the  use  of  keyboard  entry 
devices  and  keyhoai  d/display  units  for  the  crew’s  interaction  with  such  systems  is  becoming 
more  common.  The  operational  design  of  such  devices  and  the  matching  ol  these  units  to 
crew  tasks  and  proceduies  is  a formidable  task  and  represents  a major  challenge  in  t lie 
development  and  acceptance  of  advanced  avionics  systems. 

The  A DTDS  keyboard/display  was  the  navigation  control  and  display  unit  (NCI)U) . nd 
consisted  ot  a 7x7  keyboard  matrix  together  with  an  8-line  (24  characters  per  line)  cathode 
ray  tube  display  for  alphanumeric  readout.  While  the  NCDU  design  fulfilled  the  functional 
and  operational  requirements  of  the  ADEDS  program,  further  design,  development,  and 
evaluation  efforts  would  be  required  to  simplily  and  clarity  the  crew  system  interactions 
necessary  for  a system  in  line  operations. 

The  operational  evaluation  of  the  NCDU  was  burdened  by  several  facets  of  the  ADEDS 
program.  Eirst  among  these  was  the  experimental  nature  ol  the  program  and  the  associated 
requirements  for  the  lunctional  flexibility  to  evaluate  different  system  configurations.  These 
requirements  led  to  the  inclusion  ot  lunctional  options  in  both  display  formats  and 
navigation-guidance  modes  that  were  ideally  controlled  through  the  NCDU.  The  result  was 
,m  extensive  use  ol  keyboard  display  formats  and  ol  keyboard  procedures  for  reconfiiHiring 
the  system. 

Another  facet  of  the  program  which  tended  to  distort  the  evaluation  of  the  NCDU  is 
related  to  the  artificiality  ol  the  test  Slights  in  representing  a true  operational  environment 
Typical  Mights  consisting  ol  takeoll,  departure,  cruise,  arrival,  approach,  ani  landing  were 


accomplished  in  15  to  30  min  as  opposed  to  line  operations  whore  these  procedures  would 
span  a longer  time  period.  I he  resulting  time  compression  led  to  an  impression  ol  an  overly 
busy  use  of  the  keyboard. 


The  prohibitive  cost  of  the  ground  support  and  test  equipment  necessary  lor  magnetic 
tape  o magnetic  data  card  entry  of  llight  plans  and  clearance  necessitated  the  use  ot  the 
keyboard  tor  this  purpose.  1 or  an  operational  system,  the  entry  ol  i light  plans  would  take 
place  during  the  preflight  checkout  of  the  airplane  and  systems  by  the  use  of  t;  pc  cassettes 
or  other  memory  storage  and  transfer  devices  that  minimize  lengthy  keystroke  sequences. 
The  keyboard  would  thus  serve  as  a device  for  detailed  review  ot  the  lliglit  plan  lor 
verification  and  possible  alteration.  At  the  same  time,  the  keyboard  is  the  best  means  lor 
modifying  a flight  plan  if  it  becomes  necessary  in  lliglit.  Ihe  language  procedures,  and 
display  interaction  developed  lor  this  program  were  exceptionally  uselul  and  are  readily 
applicable  to  future  operational  systems. 

While  limitations  of  time  precluded  an  extensive  training  period  tor  all  llightei  nv 
members,  the  basic  functional  layout  of  the  keyboard  is  well  suited  both  to  the 
ext  •rimental  flight  testing  of  this  program  and  to  the  development  ot  prototype  operational 
systems  as  well  The  automatic  compilation  of  detailed  flight  plans  irom  the  abbreviated 
ATC  clearance  (AT(  CL  R)  language  is  especially  useful  in  reducing  the  anunm*  and 
complexity  of  keyboard  operations.  One  suggested  addition  to  the  I ight  plan  page  tormais 
would  be  the  inclusion  of  the  initial  heading  or  track  angle  lor  each  leg.  While  t ns 
information  is  readily  available  on  the  Mi  l)  display.  ,t  would  serve  as  a uselully  redundant 
bit  of  information  during  pre-night  system  checkout  and  would  also  he  ol  value,  it  not  a 
necessity,  during  malfunction  ol  the  Mf  0 display. 

The  navigation  data  (NAV  DATA)  formats  were  normally  referred  to  during  the 
execution  ol  the  tlightpaths  and  provide  a continuous  presentation  ol  r .rrent  sta  us 
information  in  alphanumeric  form.  The  number  of  items  in  tins  category  necessitated  the 
mechanization  of  three  such  pages,  accessible  by  successive  presses  ot  the  NAV  DAI  A mode 
key.  While  this  mechanization  does  provide  access  to  all  the  desired  information,  it  is 
desirable  ‘o  provide  lull-time  display  of  some  of  these  data  on  other  displays  or  instrume  its 
lor  immediate  viewing.  Examples  of  modifications  to  the  display  format  made  during  the 
lliglit  test  period  were: 


1)  Groundspeed  The  usefulness  of  groundspeed  as  a control  parameter  led  to  the 
continuous  readout  ot  groundspeed,  in  digital  torm,  in  the  lower  right  comet  ot 

the  MFD. 

2)  Wind- The  current  measured  values  of  wind  speed  and  direction  were  also  lound 
to  be  useful  references  and  were  displayed  on  the  Ml  D. 

3)  Navigation  mode  The  usefulness  ol  this  information  was  primarily  lor  the 
purpose  of  system  debugging  and  testing.  The  information  was  also  displayed  in 
the  lower  right  corner  of  the  Mf  D 


A primary  information  element  ret|uiriny  lull  time  display  is  information  concerning 
the  current  state  of  the  automatic  tuning  (autotuning)  feature  of  the  navigation  system 
While  the  frequencies  and  identifiers  of  the  radio  navaids  being  used  were  displayed  on  NAV 
DATA  page  3,  it  was  felt  that  this  information  should  he  displayed  full  time.  Accordingly 
the  identifier  codes  for  the  active  navaids  were  added  to  the  Ml  I)  display  in  the  course  of 
the  system  Might  tests  A recommendation  for  an  operational  svstem  of  this  typo  would  he 
to  modi  I y tlu  panel  indicators  lor  the  l)ML  readouts  to  include  the  three-letter  identifiers, 
and  Ircqucncy  ol  the  active  navaids  as  well  as  the  DIME  distance  from  the  nivaiel  Replacing 
the  electromechanical  drum-type  distai  ee  readouts  with  bright  LI  I)  panel:-  to  include  I I) 
and  frequency  information  would  be  ore  way  to  accomplish  this. 

In  summary,  advanced  navigation  and  guidance  systems  such  as  INS,  R-Nuv.  or 
A Dl.DS- type  systems  provide  new  system  functional  and  operational  capal  ilities  that  have 
great  potential  benefit.  I heir  initial  impact  on  liigliterews.  controllers,  and  design  engineers 
can  be  described  as  an  information  explosion.  I raditionally . the  design  of  aircraft  I'ligl  l 
deck  instrumentation,  display,  and  controls  has  been  to  assign  dedicated  cockpit  space  ft  r 
each  function  and  information  element  necessary  or  useful  to  the  conduct  of  flight.  The 
magnitude  ol  the  inloimation  explosion  associated  with  these  cmerginn  capabilities 
precludes  the  traditional  design  approach  in  incorporating  the  new  technology  The  ADI  DS 
NCDU  design  is  one  approach  to  viable  solutions  in  this  area  and  should  scrv  as  a departure 
point  for  further  study. 

3.2.2  FAA-ATC  Comments 

The  involvement  of  FAA  Air  Traffic  Services  personnel  in  the  ADLDS  program 
contributed  immeasurably  to  the  success  of  the  flight  test  program.  The  active  involvement 
of  representatives  of  Seattle  Air  Route  Traffic  Control  ('enter,  Seattle  Approach  Control, 
Grant  County  Approach  Control,  and  the  Grant  County  Tower  not  only  facilitated  the 
eooi dination  required  tor  day-to-day  Might  test  operations  but  also  provided  insight  into  the 
more  general  problems  of  air  traflic  management  and  the  possibilities  lor  improvement  in 
aircraft  operation  ottered  by  ADEDS-type  equipment.  The  following  paragraphs  represent  a 
consensus  of  ATC  personnel  who  participated  as  observers  on  ADFDS  test  flights  and/or 
who  handled  the  test  aircraft  in  the  course  of  their  dutie.  as  traffic  controllers. 

The  flight  tests  ol  the  ADEDS-equipped  737  aircraft  demonstrated  several  areas  of 
potential  benefit  to  ATC  operations  and  services.  While  these  potential  benefits  would  not 
be  realized  by  the  introduction  of  tliis  type  of  equipment  in  itself,  the  possibilities  of 
improvements  in  the  use  of  airspace  and  the  management  of  air  traffic,  which  this  type  of 
system  provides,  arc  worthy  of  further  study  and  development 

Among  the  potential  benelits,  especially  in  crowded  terminal  areas  with  high-peak 
tralt'ic  loads,  is  the  more  predictable  and  accurate  movement  of  traffic  and  the  more  ordered 
management  of  traffic  Mow  with  a consequent  reduction  in  overall  traffic  delay.  The 
path-following  capabilities  of  this  type  of  system  would  permit  the  use  of  networks  of 
nonconflicting  3D  paths  for  tiie  arrival  and  departure  of  suitably  equipped  aircraft  and  a 
consequent  reduction  in  the  burden  of  sequential  vectoring  lor  the  total  traffic  load.  Tins, 
of  course,  presumes  that  some  substantial  portion  of  the  traffic  mix  is  so  equipped  and  that 
appropriate  improvements  in  ATC  equipment  and  procedures  are  made 


1 lie  schedule  control  (41))  capabilities  ol  this  type  of  system  provide  the  lotcntial  lor 
an  added  measure  ol  control.  The  capability  lor  determining  precise  tiine-ol-ariival 
information  and  controlling  the  aircraft  to  make  good  a specified  time  of  arrival  adds  a 
predictive  capability  to  the  overall  airspace  system,  which  can  he  used  to  further  regulate 
the  I low  ol  trallie.  An  exploitation  of  this  capability  will  allow  time  adjustments  to  he  made 
cm  route  with  consequent  savings  in  fuel. 

The  mechanization  of  this  type  of  system  provides  a basis  for  incorporating  data  link 
communication  techniques  between  the  ground  system  and  airborne  traffic.  This  feature  can 
be  exploited  in  several  ways  that  would  he  of  bcuelil  to  A 1C  The  continuous  downlink 
transmission  ol  aircralt  position,  altitude,  heading,  groundspeed.  vertical  speed,  and  turn 
rate  would  provide  the  ground  system  with  situation  and  predictive  information  of  high 
value  I'hese  data,  complementing  the  basic  radar  surveillance,  would  provide  an  extra 
measure  of  redundancy  in  the  surveillance  loop.  The  advanced  display  capabilities  under 
development  for  the  ground  controller  could  be  adapted  to  include  the  predictive 
information,  thus  adding  a needed  "lead”  term  to  the  control  loop.  This  information  could 
also  be  used  by  ground  based  computers  to  provide  more  highly  automated  conflict 
predictions  and  traffic  load  predictions. 

Uplink  data  transmission  could  include  a number  of  information  categories  that  would 
lessen  the  burden  on  voice  communication  channels.  Examples  of  this  type  of  communica- 
tion include  changes  and  amendments  to  clearance,  detailed  routing  instructions,  and 
terminal  weather  condition  reports.  The  airborne  system  map  display  could  be  used  to 
display  the  relative  portion  of  nearby  traffic  from  uplinked  ground  systems  data. 
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APPENDIX  A 


ADEDS  FUNCTIONAL  SOFTWARE 
REQUIREMENTS  ERRATA 


The  ADEDS  funetional/softwaie  requirements  as  they  existed  at  hardware  delivery. 
September  1973,  are  provided  by  report  No.  FAA-SS-73-19.  dated  December  1973.  This 
appendix  lists  the  changes  made  to  those  requirements  during  integration  and  flight  test 
Wherever  possible,  specific  sentences  and  words  were  changed  and  referenced  to  the  basic- 
release.  In  other  instances,  such  as  section  1.0.  INTRODUf  HON,  the  changes  were  so 
extensive  that  replacement  of  the  entire  section  is  included  in  the  immediately  following 
pages  of  this  errata. 
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I  0 INTRODUCTION 


1.1  GENERAL 

I Ins  document  defines  the  advanced  electronic  display  system  (Al)LDS)  functional/ 
soil  ware  requirements.  I lie  document  is  divided  into  the  following  sections: 

Section  1 Introduction 

2 MM)  Requirements 

3 Bulk  Data  Storage 

4 I \l)l  Requirements 

5 I our-l)imensional  Guidance  Requirements 
(>  M DU  Requirements 

7 Navigation  and  Subsidiary  function  Requirements 
8-Advanccd  Guidance  and  Control  System  (AG(’S) 

I a eh  section  delines  the  functional  requirements  and  assigns  the  software  responsibility 
between  the  navigation  computer  unit  (NCU)  and  the  display  system  (1)S),  where 
applicable. 

The  General  Electric  Company  was  responsible  for  all  DS  software  defined  in  this 
document.  Initially,  the  NCU  software  responsibility  was  divided  between  Boeing  and 
Litton  as  follows,  in  accordance  with  the  ADEDS  statement  ol  work  (SOW): 

Boeing  responsibility:  Sections  5 and  6 

Litton  responsibility:  Sections  2.  3,  4,  and  7 

During  system  integration  Boeing  took  over  responsibility  for  sections  2 and  3 also. 

The  subsidiary  function  requirements  in  section  7 include  all  items  identified  in  the 
Litton  SOW.  Litton  will  be  responsible  for  integrating  the  NCU  software  subroutines 
defined  in  this  document  into  the  delivered  ADEDS  software  package. 

This  document  represents  the  ADEDS  functional/ software  description  at  the  comple- 
tion ol  flight  testing  on  March  15.  1974, 

1.2  ADEDS  SYSTEM  CONEIGURATION 

The  ADEDS  interface  block  diagram  is  depicted  in  figure  1-1.  This  diagram  identifies 
the  boxes  and  interfaces  referred  to  in  this  document. 

This  document  is  concerned  primarily  with  the  Litton  NCU  software,  the  GE  program 
control  unit  (PCU)  software,  and  the  interfaces  used  to  transfer  data  between  the  two 
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computers  These  interfaces  consist  of  the  following  lour  split-phase  bipolar  (SI’HIM  data 
buses  utilizing  a 1 00  kHz  clock 


Ml  I)  Inis  I 
Ml  I)  bus  2: 

1 ADI  bus: 
PCU/NCU  bus 


NCI)  to  l’C  U 
NCU  to  ITU 
NCU  to  PCU 
ITU  to  NCU 


| I,c  Jala  content,  timing,  and  word  formats  for  each  of  these  buses  tire  delated  in  this 
document 


I 3 NCU  EXECUTIVE 

1.3.1  Executive  Control 

I he  NCU  executive  controls  two  basic  program  loops.  The  hist  loop  contains  programs 
that  must  be  executed  20  times  sec.  1 he  other  loop  is  called  the  slow  loop.  Even  though  all 
programs  are  executed  in  the  slow  loop  before  repetition  many  ol  the  piograms  permutate 
their  calculations  over  several  slow-loop  cycles.  During  periods  of  high  activity,  the  slow 
loop  may  take  between  1 and  2 see  for  execution.  Normally  it  executes  several  times  per 

second. 

When  the  NC  U is  started,  it  automatically  goes  to  actual  location  12000,  which 
contains  the  start  ol  the  initialization  instructions.  Alter  initialization,  the  slow-loop 
programs  are  executed  continuously  except  that  every  50msec  an  interrupt  occurs.  The 
last-loop  programs  are  then  executed  and  return  is  made  to  the  interrupted  program  m the 
s|ow  loop.  The  wait  at  tne  end  of  the  slow-loop  program  i>  to  prevent  the  execution  rate 

from  being  faster  than  20  times  see. 

1.3.2  I’ower  Interrupt 

A power  interrupt  will  do  one  of  two  tilings.  If  the  interrupt  was  lor  less  than  2 sec, 
the  NCU  program  will  continue  at  the  point  of  intciruption.  II  the  power  was  off  lor  more 
than  2 sec,  control  will  return  to  the  cold  start  initialization  program. 

1.3.3  Core  Allocation  and  Major  Programs 

Table  1-1  shows  the  NCU  memory  allocation  and  table  1-2  lists  the  major  NCU 
programs. 

1 .3.4  Checksum 

Program  instruction  code  and  fixed  data  memory  are  checksummed  in  the  slow  loop. 
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11k  NCU  memory  is  divided  into  approximately  4K-word  blocks,  with  one  such  block 
being  cliecksummed  lor  each  pass  througli  the  slow  loop  A checksum  fail  results  in 
illumination  of  the  NT  U 1 All  light  The  checksum  table  assignment  is  as  lollows: 


bank  No 

I 

I 


3 

j 

4 
4 


Hart  No. 


Memory  location  I able  No 

726  I 

727  2 

730  3 

731  4 

732  5 

733  h 

734  7 

735  10 


Memory  location  74b  contains  the  checksum  table  number  of  the  failed  cheeksi  n 
block  if  such  a fail  exists.  Ihe  program  must  be  executing  the  slow-loop  checksum  loutme 
for  this  number  to  be  available  Multiple  checksum  block  failure  will  alternately  appear  as 
the  checksum  fail  is  detected.  A new  checksum  required  as  a result  ol  a program  change  is 
initiated  by  zeroing  out  the  appropriate  table  number  memory  location. 

The  checksum  routine  can  be  executed  off  line,  at  load  time  lor  example,  by  executing 
the  checksum  off-line  call  at  memory  location  1300  Off  line  checksumming  requires  that 
the  NCU  MCU  be  connected  and  operating. 


I  4 NCU  AIRPLANE  SIMULATOR 

Ihe  NCU  airplane  simulator  permits  ground  checkout  and  debug  ol  many  ol  the 
changes  that  can  be  implemented  in  the  NCU  programs.  I he  simulator  is  a simple  point-mass 
model  that  updates  airplane  heading  and  altitude  from  an  integration  ol  the  lateral  and 
vertical  steering  signals.  Groundspeed  is  updated  Irom  either  assigned  path  groundspeed. 
speed  acceleration  command,  or  by  constant  groundspeed  command  (200  kt).  4 he  simulator 
also  includes  the  capability  of  setting  the  status  of  the  DM l VOR  navigation  update  mode. 

The  simulator  is  exercised  by  setting  bits  in  a simulation  Hag  word  (SIMFLG) 
corresponding  to  the  desired  simulated  flight  condition.  The  bit  assignment  is 

SIMFLG  bit  I 1C  airplane 

2 Fly  airplane  (200  kt) 

3 Fly  path  GS 

4 Fly  commanded  acceleration 

5 Hold  airplane 

6 Unused 

7 Good  DME  I 

8 Good  DME  2 

9 Good  VOR  2 

Example  SIMFLG  3038  will  1C  the  airplane  and  fly  it  at  200  kt. 
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1 5 NCU  TELETYPE  DEBUG  PROGRAM 

I lie  04000  debug  program  is  designed  to  aid  the  programmer  m Ins  checkout  of 
system  programs.  It  can  also  be  used  by  the  hardware  personnel  to  test  equipment  that  is 
interfaced  with  the  computer 

Via  the  ASK  teletypewriter  keyboard,  the  ('-4000  debug  program  provides  the 
following  functions 

1 ) Display  and  change  memory  locations  (A:) 

2)  Halt  program  (B:) 

3)  Copy  memory  block  (C : > 

4)  Dump  memory  block  to  teletype  (I):) 

5)  Input  and  output  decimal  number  (I::) 

6)  Fill  memory  block  with  constant  (F.) 

7)  Input  and  output  angle  in  degree,  minute,  and  secon'd  (G: ) 

8)  Punch  object  paper  tape  (P) 

9)  Load  object  paper  tape  (L:) 

10)  Execute  program  (R:) 

I I ) Search  memory  block  for  constant  under  mask  (S:) 

1 2)  Verify  memory  block  against  copy  in  memory  (V:) 

1.5  ’ Equipment 

The  C-4000  computer,  manual  control  unit  (MCU),  teletype,  and  I/O  interface  are 
necessary. 

1.5.2  Memory  Utilization 

Approximately  800  ( 1 440g)  words  are  needed. 

1.5.3  Debug  Program  Loading 

The  program  can  be  loaded  via  the  Mylar  tape  reader  on  the  MCU.  The  procedure  for 
filling  a computer  main  memory  using  the  MCU  Mylar  tape  reader  is  described  in  section  3.2 
of  C-4000  Manual  Control  Unit  Instruction  Manual , Litton  APD  document  70-081 .16. 


1.5.4  Debug  Program  Execution 


The  debug  program  is  executed  at  us  starting  address  When  the  teletype  switch  is 
turned  to  ON  and  DEBUG  is  properly  executed,  teletype  prints  1)1  BUG,  followed  by  a ( R 
(carriage  return)  and  an  I 1 (line  teed  Mo  indicate  the  program  is  ON. 


1.5.5  Debug  Program  Operation 


t ) Each  command  consists  of  a single  letter  Function  code,  lollop  by  a colon  < : ) 
and  one  or  more  octal/decimal  values.  Values  are  separably  commas,  and  the 
last  value  used  must  be  followed  by  a carriage  return 

2)  Values  are  right  justified  octal/decimal  mlegj^Cn  no  digits  lollow  a comma,  lie 
value  is  made  zero. 

3)  DEBUG  will  type  BAD  CODE/dl^T user  types  a command  that  DEBUG  cannot 
recognize. 

4)  A slash  may  be  usetHcTaborl  any  input  and  return  to  start. 


5)  Octal  value  fields  ignore  all  characters  except  0,  1.  2,  3,  4.  5.  6.  7 , *,  comma, 

carriage  return  In  addition  to  the  preceding  characters,  decimal  value  tields 
accept  8.  9.  To  cancel  an  incorrect  value,  key  in  * . 


b)  Prolonged  outputs  may  be  absorbed  by  activating  any  key  on  the  teletype. 

In  the  following  discussion  of  the  debug  program,  information  produced  by  DEBl  C is 
underscored,  while  that  entered  by  the  user  is  not. 


1 5.5.1  Display  and  Change  Memory  Locations 


A VI  <CR) 

1)  Access  locations  in  memory  (starling)  at  location  VI.  DEBUG  types  out  t he- 
address, VI,  and  its  content,  then  waits  for  keyboard  input. 

2)  To  change  the  content,  key  in  the  new  octal  value,  lollowed  by  a carriage  return. 
The  program  then  types  out  the  next  higher  address  and  its  content. 

3)  To  progress  to  the  next  higher  address  without  changing  the  content  of  the 
current  location,  key  in  a comma. 

4)  The  look/change  cycle  continues  until  the  operator  keys  a 
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5)  Example  I lie  user  wants  to  replace  the  contents  at  location  2000^  and  200 2 by 
12341234  and  43214321.  respectively.  1 lie  present  valu.s  at  2000^  through 
2()()3vj  are  /eros 


000  ((  R 

) 

02000 

00000000 

12  3 4 

1 2 3 4 (CR) 

02001 

00000000 

■ 

02002 

00000000 

4 3 2 1 

4 3 2 1 (CR ) 

02003 

00000000 

/ 

I 5.5.2  Halt  Program 
B: V 1 , V2  (C  IO 

I ) Typically,  the  programmer  will  insert  a breakpoint  at  some  desired  place  in  the 
program.  When  the  program  encounters  the  breakpoint,  control  is  returned  to 
DEBUG  so  that  the  programmer  may  examine  the  results,  make  corrections  in  t te 
program,  and  continue  debugging. 

2)  VI  is  the  address  of  the  breakpoint.  If  V 2 is  1 . 2,  or  3,  DEBUG  inserts  the  first, 
second,  or  third  breakpoint  at  location  VI.  The  original  content  at  VI  is  saved  by 
DEBUG. 

3)  If  V2  is  zero,  DEBUG  restores  the  original  content  in  location  VI.  However,  if  a 
breakpoint  has  not  been  previously  set  at  location  VI,  DEBUG  will  type  NOT 
USED  . 

4)  If  object  program  is  later  executed  and  the  program  reaches  location  VI,  control 
is  passed  to  the  DEBUG.  DEBUG  prints  VI  and  the  contents  of  registers  A and  Q, 
then  awaits  further  commands.  Note  that  breakpoint  at  VI  is  removed,  and  the 
original  content  of  V 1 is  restored. 

5)  Example:  The  user  wants  to  insert  second  breakpoint  at  3000g  and  first 
breakpoint  at  3400^. 

B.  3000,  2 (CR; 

DONE 


B:  3400,  I (CR) 


DONE 


I 
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When  program  encounters  3000^ 

(A)  (Q) 

3000  12  3 4123  4 4 3 214321 
The  user  wants  to  remove  breakpoint  at  3400^. 

It  3400<CR) 

DON1 

1.5. 5. 3 Copy  Memory  Block 
C.  VI,  V2,  V3  (CR) 

1 ) C opy  memory  block  at  location  V 1 through  V2  into  block  at  location  \ 3 through 
V3  + (V2  - VI). 

2)  It  V2  does  not  exceed  VI,  only  the  word  at  V 1 will  be  copied. 

3)  If  V3  lies  between  V f and  V2,  no  action  is  taken. 

4)  Example:  The  user  wants  to  save  the  memory  block  from  14008  through  30008 
into  block  starting  at  10400^. 

C:  1400,  3000,  10400  (CR) 

DONE 

1.5. 5. 4 Dump  Memory  Block  to  Teletype 
D:  VI,  V2(CR) 

1)  Dump  memory  block  at  location  VI  through  V2  to  teletype. 

2)  The  basic  typing  format  is  four  octal  words  per  line,  preceded  by  the  octal  address 
of  the  first  word  printed  on  the  line.  If  this  address  does  not  end  with  a zero  or  a 
four-digit  number,  appropriate  spaces  are  inserted  to  maintain  column  integrity. 

3)  Repetitious  words  are  suppressed  us  follows: 

a)  if  the  remainder  of  the  current  line  is  identical  to  the  word  last  printed,  the 
line  is  terminated. 

b)  If  one  or  more  subsequent  lines  are  identical  to  the  worn  last  printed,  the 
teletype  goes  to  the  next  line  with  different  words,  if  any. 

4)  Prolonged  outputs  may  be  aborted  by  activating  any  key  on  the  teletype. 
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5)  I xaniple:  Hie  user  wants  to  dump  from  400 1 ^ to  4010^. 

1)-  4001 . 4010  <CR) 

C4001  12341234  23452345  34563456 

04004  45674567  43214321  54325432  65436543 
04010  00000000 
DON! 

1.5. 5. 5 Input  and  Output  Decimal  Number 
E:  VI,  1 V2  (C  R) 

1 ) Display  decimal  number  from  location  VI  with  binary  point  set  at  B V2  on  the 
teletype.  V2  may  be  any  positive  or  negative  number. 

2)  To  change  the  content,  key  in  the  new  decimal  value,  followed  by  a carriage 
return.  Control  is  returned  to  DEBUG. 

3)  Example:  The  user  wants  to  display  the  decimal  number  at  location  7000x  with 
binary  point  set  at  B 1 2.  lie  then  wants  to  replace  it  by  90.65. 

E:  7000,  B 12  (CR) 

07000  60.7635  90.65  (CR) 

1.5. 5. 6 Fill  Memory  Block  With  Constant 
F:  VI,  V2,  V3  (CR) 

1)  Fill  memory  block  at  locations  VI  through  V2  with  octal  constant  V3. 

2)  If  V2  does  not  exceed  V [ , only  location  V 1 will  be  filled. 

3)  Example:  The  user  wants  to  clear  the  buffer  at  locations  7000g  through  7777g 
with  0. 

F:  7000,  7777,0  (CR) 

DONE 
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I 5.5.7  Input  and  Output  \ngle  in  Degree.  Minute,  and  Second 


(,  VI  (CIO 

1)  ( onvert  angle  in  C-4000  pi-normali/ed  format  at  location  VI  to  degree,  minute, 
second,  and  hundredth  of  second  and  print  it  on  the  teletype. 

2)  lo  change  the  angle,  key  in  desired  angle  in  degree,  minute,  second,  and 
hundredth  of  second,  followed  by  a carriage  return.  DEBUG  converts  it  to  C-4000 
pi  normalized  lormat  and  stores  it  at  location  VI 

3,  Example:  l he  user  wants  to  display  angle  at  I0000g  and  replace  it  by  -120 
degrees,  30  minutes: 

Ci:  10000  (CR) 

10000  -00,  22,  40.1  -120.  30  (C  R ) 

1 .5.5.8  Punch  Object  l’ap  a I ape 

P:  VI , V2  (CR)  and  turn  on  paper  tape  puncher 

1 ) Punch  memory  words  from  locations  V I through  V 2 to  a paper  tape. 

2)  The  tape  format  is  as  follows: 

a)  Thirty  words  of  “carriage-return"  for  a leader. 

b)  Character  A and  starting  location  V 1 , followed  by  CR  and  LF. 

c)  Contents  of  location  V I through  V2  with  space  between  them. 

3)  Example:  The  user  wants  to  punch  his  patch  program  from  4000g  to  4030g: 
p 4000,  4030  (CR)  and  turn  on  paper  tape  puncher. 

A4000 

12341234  ... 

Type  HERE  IS  key  to  generate  a leader  and  turn  puncher  off.  Note  that  the 
punched  paper  tape  cannot  be  loaded  back  via  the  MCU.  It  can  only  be  loaded 
back  through  the  load  function  described  in  the  next  section.  i 
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L ((H)  and  place  punched  paper  tape  in  reader  and  turn  on 

1)  1)1  HUG  will  load  the  tape  punched  by  I*  command  in  memory  word  by  word 
starting  at  location  received  alter  character  A. 

2)  When  tape  is  completely  loaded,  key  in  / to  return  control  to  1)1  HUG. 

3)  I sample:  l he  reader  wants  to  load  patch  program  on  the  tape  produced  by  using 
1*  command 

L:  (CK)  place  punched  paper  tape  in  the  reader  and  turn  on 
A 4000 


12341234  . . . 

/ (CK)  (El  ) 

1.5.5  10  Execute  Program 
R:  VI.  V2,  V3  (CK) 

1)  Kun  object  program  by  performing  IRA  to  location  VI  instead  ol  doing  it 

through  the  MCU.  Prior  to  program  entry,  V2  is  loaded  into  register  A,  and  V3  is 

loaded  into  register  Q. 

2)  Control  does  not  return  to  the  DEBUG  program  unless  a breakpoint  is 
encountered 

3)  11  a breakpoint  is  encountered,  the  print  format  is  breakpoint  address,  content  of 
register  A,  and  content  of  register  Q. 

4)  Example:  The  user  has  set  a breakpoint  at  5000^  and  he  wants  to  execute  his 

program  at  4000^  with  77777777  in  register  A.  It  is  assumed  that  5000^  is 

encountered. 

R. 4000,  77777777 (CR) 

(A)  (Q) 

05000  66666666  55555555  (CR) ( LF) 

1.5. 5.1  1 Search  Memory  Block  for  Constant  Under  Mask 
S:  VI,  V2,  V3,  V4  (CR) 

1)  Search  memory  block  at  location  VI  through  V2  for  words  equal  to  V3  under  the 
mask  V4. 
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) II  no  mask  is  specified,  the  entire  woid  is  tested. 

3,  when  a match  is  found,  the  address  and  its  content  are  typed  out,  and  the  search 
continues  until  V2  has  been  tested. 

4)  1 sample  I he  user  found  that  the  instruction  at  50108  was  destroyed  during  his 

checkout  so  lie  wants  to  find  out  if  there  are  instructions  having  address  equal  to 
5010*  in  Ins  program,  lie  searches  his  entire  program  lor  5010*  under  mask  o 
777-*  It  is  assumed  that  his  program  starts  at  2000*  and  ends  at  7000*  and 
there  isaSTORl  A 5010  (bug!!)  at  5010*: 

S:  2000,  7000,  5010  777  (CR) 

05010  12005010 


DONli 

1.5.5.12  Verify  Memory  Block  Against  Copy  in  Memory 
V VI,  V2.  V3  (CR) 

1 ) Verify  memory  block  at  locations  V I through  V2  against  a copy  in  location  V3 
through  V3  + CV2-V1). 

2)  The  program  types  the  address  and  content  of  each  location  in  the  V 1 block  that 
does  not  match  the  corresponding  word  in  the  V3  block.  It  also  types  the  address 
and  content  of  the  corresponding  word  in  the  V3  block. 
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TABLE  1-1.  NCU  MEMORY  ALLOCATION 


C 4000  core 
allocation 

Description  ; 

Bank  1 

0 2777 

Hardware  cells  and  program  variables 

3000  3377 

Guidance  buffer  pointers  and  scratch  (bombs  1 and  2) 

3400-3766 

Constants 

3767-4550 

Fast-loop  subroutines 

4554-6617 

Slow-loop  subroutines 

6620-11761 

Guidance/EADI  flight  director/mode  panel  programs 

12226-14440 

12000  12225 

Executive 

14461-17776 

Guidance  buffers 

1 Bank  2 

20000  37777 

NCDU  programs 

Bank  3 

40000  47277 

EADI /navigation  programs 

47300-57777 

MFD  programs,  EPR  program 

Bank  4 

60000  77777 

Bulk  data  storage 

TABLE  1 2.-MAJ0R  NCU  PROGRAMS 


Program 

Description 

name 

50-msec  Programs 

UAVIG 

Airplape  simulation 

HNAVPS 

Navigation 

PATHDF 

Path  definition 

SWTPZA 

Guide  buffer  switch 

HVGUID 

2D  3D  path  guidance 

TGUID 

4D  time  guidance 

EADIFD 

EADI  flight  director 

MSPLGC 

Mode  select  panel  logic 

SREADI 

EADI 

MFDFST 

MTD  (map) 

NCDKEY 

NCDU  I/O 

100-msec  Programs 

NCFM 

Noncritical  flight  modes 

MSPRQ 

Mode  select  panel  readout 

TESTOT 

Output  to  flight  recorder 

Slow  Loop  Programs 

NCDUEX 

NCDU  executive 

ERAD 

Earth  s radius 

HNAVSL 

Navigation 

BLOW 

Wind  calculations 

MFDEXC 

MFD  executive 

EPRLMT 

EPR  limit 

CHKSUM 

Checksum  routine 

Mode  Instrument,  non  -j-ape  recorcjer 

select  signal  condition  ► pallet,  2 x 14  ch. 

* pallet 

FIGURE  1-1.—ADEDS  INTERFACE  BLOCK  DIAGRAM 
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Add 

1.3 

NCU  1 xecutive 

1.4 

\(  U Airplane  Simulator  . . . ■ 

1.5 

N(  IJ  1 eletype  Debug  Program 

Page  iv,  C 'ON  I INIS 

( ontinucd 

Change 

4.4.1 

1 ILS  Symbology 

li  tie 

4.4.13  Horizontal  and  Vertical  Guidance 

Page  \ . CONTENTS 
Change  6.8 
Renumber  6.9 


( on  tinned 

\(  l)U  Software  I ahels  to  “N(  l)U  Debug  Pages  anil  Comma  nils” 
N(’I)U  Software  1. ahels 


page  vi,  CONTENTS  Concluded 

Atk|  7.3.4  Magnetic  Variation  

Atkl  8.0  ADVANCED  GUIDANCE.  AND  CONTROI 

SYSTEM  (AGCS) 

S.  I General 

8.2  AGCS  Mode  Select  Panel/NCU  Interface  . 

8.3  l ateral  and  Vertical  Noneritical  Plight  Mode 

Steering  Signals 

8.4  Autothrottle  Control  law 

8.5  1 PR  Thrust  L imit  Calculations 

8.5.1  Maximum  Limit  Thrust  EPR  Limit 

Algorithm 

8.5.2  Maximum  Continuous  Thrust  EPR 

1 imit  Algorithm 

8.5.3  Maximum  Cruise  Thrust  EPR  Limit 

Algorithm 


304 


314b 

314b 

314b 

314b 

314b 

314b 


314c 


3l4d 

3l4d 


Page  viii,  FIGURES  Concluded 

Add  612a  SEP  3 (Select  3)  Mode 

Add  7-3  Baro-lncrtial  Loop  Diagram  

Atk|  7.4  Altitude  Corrected  for  Barometric  Setting 


281a 
3 1 4a 
314a 
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!-!  NCU  Memory  Allocation 

1-2  Major  NCU  Programs  . 


Pace  x TABU  S Concluded 


7-7  1 ast-1  oop  Ana!og-to-l)igita!  and  1C  P Input  C onversions 


S-l  ACCS  I a he!  Definition 


Page  xi,  ABBREVIATIONS 

Chanue  ACCNORM  to  “AC  NORM”  Not mal  acceleration 


Page  xii. 


Change  HLDTK  to  “111  DTRK” 


Track  hold 


Page  I,  section  1 .0,  INTRODUCTION 


Replace  entire  section 


Page  3,  PlCiURI  M 
Replace 


Page  5,  section  2.1 , paragraph  2,  first  sentence 
Change  to 

“The  MFD  has  a viewable  area  5.5  in.  wide  by  7.54  in.  high.” 

Page  5,  section  2.1 , paragraph  3,  second  sentence 
Change  to 

“Background  data  were  processed  by  the  NCU  at  a slow  rate  and  transmitted  to  the 
PCU  once  every  5 sec.”  Dynamic  data, ...  J 

S' 

Page  7,  section  2. 2. 2. 4,  paragraph  2 
Add  to  RC  bit  22 

. . . coordinate  rotation  is  required.  “When  RC  = 1,  the  conic  angle  is  modified  to 
(ITAN  -TK).  where  TK  is  received  inThrrsecond  word  of  MFD  bus  2.” 
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Add  to  R 

symbol  word  In  pe  I.  “Positive  rotatu n angle  will  prodnee  a clockwise  rotation  ” 


Page  10.  paragraph  3.  thiril  sentence 


Change  to 

lor  troubleshooting.  “An  alternative  modiln  ation  to  the  display  system  sol  t ware 
’that  would  cause  the  Ml  I)  display  to  go  blank  if  no  valid  data  were  received  over  Ml 
Inis  I and  or  bus  2 for  a defined  period  of  time  was  not  mechanized. 


Page  10.  section  2.2.4 

Insert  new  paragraph  between  paragraphs  2 and  3 
...  as  shown  in  table  2-1 . 

“During  transmission  of  Ml  D bus  I . MID  bus  2 and  1 ADI  bus  3 will  be  alternately 
transmitted  until  bus  I transmission  is  completed.  See  figure  2- 

The  PCU  changes 


Page  I I . paragraph  1 . last  sentence 


Delete 

“Any  change  to  I . . at  least  twice. 


Page  1 1 , paragraph  1 

Add  (replaces  deleted  sentence ) 

“The  PCU  continues  to  set  bit  30  to  I until  a good  MID  bus  1 is  received. 

Page  I 2 A.  paragraph  1 , first  sentence 
Add  to 

. a route  line,  “text  annunciation,”  and  digital  . , . 
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Page  1 2A,  paragraph  4,  second  sentence 
Add  to 

, . Hast  and  north  position  increments,  “true  track  angle  ( I K),”  and  sin  and  . . 

Page  14 
Add  to 

ACNORM  = . , . vector  (ft/sec2)  “smoothed  with  a 1-see  lag  filter” 

Page  14,  next  to  last  paragraph,  last  sentence 
Change  to 

table  2-2.  “An  l&R  control  word  with  1C  = 00  and  RC  = 0”  will  precede  . . . 

Page  15,  section  2.4.1  4,  first  sentence 
Insert 

. . . airplane  symbol  to  “a  point  0.45  in.  below  the”  lower  edge  of . . . 

Page  1 5,  section  2.4.1 .6,  third  sentence 
Change 

. . . TKHSHL  = HLDTK  - I K "1  KHSEL  = TK  - HLDTRK.” 

Page  28,  section  2.4. 1.7.9,  second  sentence 
Change 

displayed  on  the  8,  4,  2,  and  1 ...  to  “displayed  on  the  4,  2,  and  1 nmi  in  scales.  . 

r 

Page  29,  section  2.4  1.7.11,  sketch 

Add  to 

ABCDE 

350 

“15000” 


l’.ige  26,  sentence  below  sketch 


A chi  to 

,v mbo,  button  -Mutt  will  be  displayed  only  if  Wl'  l ALT  is  also  selected  ON  by 

i t i . . sot-  '’4  1 7 13)  The  display  lornuit  is  sliown  above, 
the  Ml  I)  mode  control  unit  (see  see.  - 4. 1 . /■  I > i cns|  my 


Page  26,  paragraph  3 


Delete  all  of  the  paragraph 


“Whenever  a rour-climensional  . . where  b blank. 


Page  31  section  2.4  1.7.14  paragraph  2.  first  sentence 
C hange  to 

“The  NCU  will  generate  two  symbol  wont  groups”  once  per  second  . . . 
Page  31.  section  2.4.1.7.14,  paragraph  2,  third  sentence 


Change 

. . R = I , SS  = ’>  1 ls  = 1 0.  1 . = 0 to  ”1<  = 1 • SS  = 1 1 . Is  = I 1 • L = 0 


Page  31 , section  2.4. 1 .7.1  4,  paragraph  2,  last  sentence 


Add  to 


variation).  “The  second  symbol  word  group  will  be  ider. 
3 word  will  be  RADBRG  + MAGYAR  + 1 80".' 


tieal  to  the  first  except  the  type 


Page  33,  paragraph  I , last  sentence 


Delete 

“The  small  circles  . . . two  circles  (10).” 


Page  36,  paragraph  2,  fourth  sentence 


Change  to 
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" I lie  other  three  symbol  groups  include  the  symbol  code  00101 1 1 , position  in  1 and  N 
coordinates  to  define  the  30-,  60- , and  90-sec  prediction  circles  with  intensity  ls  = 10. 
and  K = 0.  SS  = 11.  and  L = 0.”  These  calculations  . . . 

Page  36,  last  paragraph,  first  sentence 
C hange to 

“ I he  symbol  is  stroke  written  by  the  1)S  and  is  an  arc  segment  of  a circle  with  a 4-in 
radius"  extending  . . . 

Page  37.  sixth  symbol 
Change 

DHL11  = ALTC  - ALTREF  to  “DELH  = ALTREE  - ALTC" 

Page  37.  last  symbol 
Change 

where:  RALT  = ■ ) nm‘  to  “where:  RAL T = ( HOOT  ' ) nm' 

Add  immediately  below  “and  T>  is  a 3-sec  lag  filter” 

Page  38,  paragraph  2 
Change  Group  1 

Word  type  2 Y = RALTY,  X = 0,  C = 1,  D = 0 to 
“Word  type  2 Y = RALTY,  X = -89,  C = I , D = 0” 

Word  type  3 Arc  length  = 90  bits;  rotation  angle  = +90  to 
“Word  type  3 Arc  length  = 180  bits;  relation  angle  = 75.585 

Change  Group  2 

Word  type  2 Y - RALTV , X - 0,  C = I , D = I to 

“Word  type  2 Y = RALTY,  X = -89,  C = 1 , D — 1,  rotation  angle  = 104.414  ” 

Page  39,  section  2.4.1.10 
Replace 
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2.4.1  10  Mode  and  Scaling  Annunciation 


“ I'hc  current  map  scale  selected  and  the  einrent  guidance  or  select  mode  activated, 
or  the  current  hold  mode  or  the  land  mode  tl  actuated  will  he  displayed  in  the  lower 
left-hand  corn  i ol  the  Mi  l)  map  display.  The  current  groundspeed,  navigation  mode, 
and  wind  direction  and  speed  will  he  displayed  in  the  lower  right-hand  corner  of  the 
Ml  1)  map  display . I lie  display  format  will  he  for  example: 


Line  1 

54NM/IN 

GSh32 1 

Line  2 

G4I) 

bbblDD 

Line  3 

273/bl  7k  IS 

lhe  NCU  will  generate  two  text  symbol  word  groups  to  define  this  annunciation 
and  will  transmit  them  once  per  second  over  Mi  l)  Inis  1.  The  text  word  groups  will  he 
preceded  by  an  l&R  control  word  with  f("  = 1,  ()('  = I,  RC  = 0,  RS  = 0,  and  1C  = 00. 
The  text  word  type  I will  have  ly  = 10,  R = 0,  and  seven-hit  code  O00C001.  Word  type 
2 will  have  (’  - 0 and  coordinates  X = -230,  Y = -1  SO  for  the  left-hand  word  group  and 
X = +132,  Y = -230  for  the  right-hand  word  group  Word  type  4 will  have  ST  = 0 and 
the  alphanumeric  codes  defined  below 

Line  1 (left)  XXNM/1NC  R l I where  XX  is  hi.  b2,  b4.  b8,  16,  or  32 

corresponding  to  the  map  sca'e  selected 
on  the  Ml  1)  MCU 

Line  I (right).  GSXXXt  Rl  F where  XXX  is  the  present  groundspeed 

in  knots 

Line  2 (left):  XXX  where  XXX  corresponds  to  the  current 

Hag  set  by  the  guidance  routine  to 
indicate  mode.  This  can  be  G2D,  G3D,  or 
GAD. 


or: 


SLL/XXX/XXX,  where  XXX  indicates  which  mode  or 
etc.  modes  have  been  activated  by  the 

external  autopilot  mode  panel.  The  MFD 
will  display  annunciations  corresponding 
to  the  following  mode  Hags  set  by  the 
autopilot  mode  panel: 

TKSEL  FT  AS  EL 

ALTSEL  IASSEL 

XXX  can  be  TKA.  ALT,  FPA,  or  IAS. 
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Line  2 will  annunciate  only  one  of  the 
above  formats,  depending  on  whether  a 
guidance  mode  or  select  mode  is  activated 


I 


t 


Line  2 (right):  bhbXXXCRI  I where  XXX  indicates  the  present  naviga- 

tion update  mode.  See  section  7 1 1 tor 
tiie  possible  update  mode  indications 

Line  3 (left):  llOLD/XXX  where  XXX  indicates  i lie  flightpath  off- 

set mode  (OFS)  or  the  hold  at  waypoint 
mode  (WPT)  if  activated  The  correspond- 
ing Hags  set  by  the  NCDU  are: 

OLSSLL  111  DSL L 

or:  LANDbSl  L/l  AS  LAND  will  be  displayed  if  the  autoland 

mode  is  activated  and  SLL  IAS  will  be 
concurrently  displayed  if  the  IAS  select 
mode  is  activated 

If  line  2 contains  an  annunciation,  line  3 will  not  and  conversely. 

Line  3 (right).  XXX/YYYKTS  where  XXX  is  the  present  wind  direction 

and  YYY  is  the  windspeed  as  calculated 
by  the  NCU. 

The  DS  will  generate  the  symbology  using  its  normal  text  mode  in  accordance  with 
the  l&k  control  word  instructions  so  that  the  coordinates  are  not  rotated  or 
incremented.” 

Page  41,  section  2.4. 2. 2,  paragraph  3,  first  sentence 
Change  to 

. . . bus  2 word  label  “01000001  (TK)  SIN/COS.”  The  DS  . . . 

Page  42,  paragraph  1 , second  sentence 
Change  to 

. . . any  of  the  limits  “ + 240  < L < -240  or  + 280  < N < -280,”  the  three  . . . 

Page  42,  section  2.4. 2.4,  paragraph  I 
Replace 

“The  straight-trend  vector  shall  project  3 in.  straight  ahead  from  a point  0.625  in. 
ahead  of  the  apex  of  the  airplane  symbol.  This  trend  vt.  ctor  shall  be  displayed  only 
when  the  aircraft’s  position  is  not  limited.” 
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I’ayo  42,  section  2.4. 2. 5,  paragraph  1 , first  sentence 


Add 


m section  2.4. 1 .5  Irom  magnetic  track  angle  binary  and  magnetic  track  angle  (BCD) 
data  transmitted  over  MI  D bus  2.” 

Page  42,  section  2.4. 2. 5,  paragraph  I , second  sentence 

Delete 

1 rack  ( I K)  . . . map  mode.” 

Page  42,  section  2.4. 2. 5,  paragraph  2,  last  sentence 
Delete 


“Transmission  of . . . is  optional.” 

Page  44,  section  2.4.2.10,  second  sentence 
Change  to 

The  X,Y  coordinates  in  the  text  type  2 word  will  be  X = -230  Y = -’’Sb  for  the  left- 
side word  group  and  X = 1 32,  Y = 25b  for  the  right-side  word  group.” 

Page  44,  section  2.5 

Delete  all  of  the  paragraph 

“This  mode  ...  is  shown  in  figure  2-14.” 

Page  44,  section  2.5.1,  first  sentence 
Change  to 

“This  mode  is  initiated  by  selecting  the  1 LSI  mode”  on  the  MFD 
Page  4b,  last  line 
Delete 

“Switch  3 01  1 Track  select  bug” 

Pages  47,  48,  and  40,  TABLEs  2-1,  2-2,  and  2-3 
Replace 

Page  53, 1 ABLE  2-b  Continued,  Aircraft  Symbol 


Delete  dimension  “I  6” 


I’aue  47,  Replace 


TABLE  2-1, -MFD  BUS  1 TRANSMISSION  ORDER 


Track-Up  Map 


0 SOT  control  word 

1 l&R  control  word 

(TC  = 1,0C=  1,  RC  = 0,  IC  = 00, 
WF  = I,  RS  = 0) 


Text  word  groups 

l&R  control  word 

(TC  = 1,OC=  1,  RC  = 1,  1C  = 11, 

WF  = 1,  RS  = 0) 

Upright  symbol  word  groups  (R  = 0) 

Vector  word  groups 

l&R  control  word 

(TC  = 1,  OC  = 1,  RC  = 1,  IC  = 11, 

WF  - 1,  RS-  D 

Rotated  symbol  word  groups  (R  = 1) 


(a)  EOD  control  word  (TC  - 1 ) 


l&R  control  word 


North-Up  Map 


SOT  control  word 


l&R  control  word 

(TC  = 1,  OC  = 1,  RC  = 0, 1C  = 00, 

WF  - 1,  RS=  0) 

Text  word  groups 

l&R  control  word 

(TC  = 1,0C=  1,  RC  = 0,  1C  = 00, 

WF  = 1,  RS  = 0) 

Symbol  word  groups 

Vector  word  groups 


MFD2  data 


EOD  control  word  (TC  - 0) 


Unused  data  words 


507  Mode  MFD  2 

508  A MFD  2 

509  Mode  MFD  1 

510  AMFD  1 

51 1 EOT  control  word 


Note  There  may  be  other  l&R  control  words  within  an  MFD  1 or  MFD  2 data  block, 
aThese  data  blocks  and  words  are  applicable  only  when  two  MFD  displays  are  in  use. 


Pape  48,  Replace 

TABLE  2 2.  -MFD 


BUS  2 LABEL  CODES  AND  TRANSMISSION  ORDER 


- TRACK  UP  MAP a 


8 7 6 5 4 3 2 1 

0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 

0 1 0 0 0 0 1 0 

0 1 0 0 0 0 1 1 

0 1 0 0 0 10  0 

0 1 0 0 0 1 0 1 

0 10  0 0 1 1 0 

0 1 0 0 0 111 

0 10  0 1 0 0 0 

0 1 0 0 1 0 0 1 

0 10  0 10  10 
0 10  0 10  11 
0 10  0 110  0 
0 10  0 110  1 
0 10  0 1110 
0 10  0 1111 
0 1 0 1 0 0 0 0 
0 1 0 1 0 0 0 1 
0 10  10  0 10 
0 10  10  0 11 
0 10  10  10  0 
0 10  10  10  1 
0 10  10  110 
0 10  10  111 
0 10  1 10  0 0 
0 10  110  0 1 
0 10  110  10 
0 10  110  11 
0 10  1110  0 
0 10  1110  1 

0 10  11110 

0 10  1111 

0 1 1 0 0 0 0 0 

0 1 1 0 0 0 0 1 

0 1 1 0 0 0 1 0 

0 1 1 0 0 0 1 1 

0 110  0 10  0 

0 1 10  0 10  1 

0 110  0 110 

0 110  0 111 

0 110  10  0 0 


1 0 1 0 0 0 \ 
111111/ 


Function 


MFD  1 delta  position  E and  N 

MFD  1 coordinate  rotation  angle  (TK  sin  and  cos) 

Track  angle  (TK)  (magnetic) -binary 

Track  angle  -BCD 

Selected  track  error  (TKESEL  sin  and  cos) 
Selected  track  error  (TKESEL  scaled  binary) 
Airplane  position  N and  E (DM  =11) 

Track  angle  (true) -binary 

MFD  mode  word  b 

l&R  control  word  with  1C  = 00,  RC  = 0,  RS  - 0 

1 urt/'tnr 


Vector  word  type  1 \ Curved-trend  vector 

2 

2 . 30-sec  line 

\) 

Vector  word  type  1 \ 

2 I 

2 / 60-sec  line 

\) 

Vectoi  word  type  1 ' 

2 
2 

2 ’ 90-sec  line 

2 
2 

l&R  control  word  with  1C  = 00,  RC  = 
Symbol  word  type  1 \ 

(R  1)  2 > Time  box 

l&R  control  word  with  1C  = 00,  RC  = 
Symbol  word  type  1 \ dot 

(R  = 0)  2 / 

2 J 60-sec  dot 

2 | 90-sec  dot 

EOD  conii  ol  word  with  TC  = 0 

Unassigned 


30-sec  line 


60-sec  line 


90-sec  line 


1,  RS=  1,OC=  1 


1,  RS  = 0,  OC  = 1 


30-sec  dot 
60-sec  dot 


aSingle  MFD  display  configuration 

bThe  data  content  following  the  l&R  control  word  varies  in  content 
depending  on  the  map  scale  and  symbol  options  selected. 


Pago  49,  Replace 


TABLE  2-3.— MFD  BUS  2 LABEL  CODESAND  TRANSMISSION  ORDER - NORTH  UP  MAP 


Label 

MSB  LSB 

8 7 6 5 4 3 2 1 

— 

Function 

0 10  0 0 0 0 0 
0 1 0 0 0 0 0 1 
0 1 0 0 0 0 10 

Invalid 

TK  (true)  sin  and  cos 

Track  angie  (TKMmagnetic)-binary 

0 10  0 0 0 11 
0 10  0 0 10  0 

Track  angle  BCD 

Selected  track  error  (TKESEl.  sin  and  cos) 

0 10  0 0 10  1 

Selected  track  error  (TKESEL  scaled  binary) 

0 10  0 0 110 

Airplane  position  N and  E 

0 1 0 0 0 11  1 

Track  angle  (true)-binary 

0 10  0 1 0 0 0 
0 1 0 0 1 0 0 1 

MFD  mode  word 

l&R  control  word  with  1C  = 00,  RC  = 0,  RS  = 0 

0 10  0 10  10 
0 10  0 10  11 
0 10  0 110  0 

Vector  word  type  1 1 
2 
2 

Curved-trend  vector- 

0 10  0 110  1 

2 

first  segment 

0 10  0 1110 
0 10  0 1111 
0 1 0 10  0 0 0 
0 10  10  0 0 1 
0 10  10  0 10 

2 
2 1 

Vector  word  type  1 \ 

H 

Curved-trend  vector- 

0 10  10  0 11 

2| 

second  segment 

0 10  10  10  0 
0 10  10  10  1 
0 10  10  110 
0 10  10  111 
0 10  110  0 0 

l) 

Vector  word  type  1 1 
2 
2 

Curved- ti  end  vector— 

0 10  110  0 1 

2 

third  segment 

0 10  110  10 
0 10  110  11 
0 10  1110  0 

]) 

l&R  control  word  with  1C  - 00,  RC  - 1,  RS  * 1,  OC  - 1 

0 10  1110  1 
0 10  11110 

Symbol  woid  type  1 
2 

1 Time  box 

0 10  11111 
0 1 1 0 0 0 0 0 

3 I 

l&R  control  word  with  1C  = 00,  RC  = 1,  RS  = 0,  OC  = 1 

0 1 1 0 0 0 0 1 
0 1 1 0 0 0 1 0 
0 1 10  0 0 1 1 
0 1 10  0 10  0 
0 110  0 10  1 
0 1 10  0 110 
0 110  0 111 

Symbol  word  type  1 1 

2 30- sec  dot 

Symbol  word  type  1 1 

2 I 60-soc  dot 

Symbol  word  type  1 | 

2 1 90-sec  dot 

EOD  control  word  with  TC  = 0 

0 1 1 0 1 0 0 0’ 
0 1111111 

Unassigned 

Note:  Data  content  is  dependent  on  the  symbology  options  selected 

Page  54,  FABLE  2-6  Continued,  VOR  Symbol 
Add  to 

VOR  Symbol  ( Reporting  Point ) “ Not  Used  ” 

Page  5ft,  1 ABLL  2-6  Continued,  Standard  Circle  Symbol 
Change 

Double  all  machine  unit  dimensions 
Page  56,  TABLE  2-6  Continued 
Change 

Fan  Marker  Symbol  to  "Marker  Beacon  Symbol” 
Page  57,  TABLE  2-6  Continued 
Add  to 

GRP  Symbol  (Reporting  Point)  “ Not  Used” 

Page  ,58,  TABLE  2-6  Continued 
Add  to 

VORTAC  Symbol  (Reporting  Point)  “ Not  llsed” 
Page  61,  TABLE  2-6 -Continued 
Add  to 

Waypoint  and  First  Cue  Symbol  “-Not  Used” 

Page  61,  TABLE  2-6 -Continued 
Add  to 

Waypoint  and  Second  Cue  Symbol  “ Not  Used” 
Page  87,  TABLE  2-8 
Change 

MFD  bus  1 subheading  from  I /sec  to  “1  /5  sec” 


Page  87,  TABLE  2-8 


Change 

Minimum  computation  rate  column  ligure,  fifth  item, 

1 rack  angle  (BCD),  from  I to  "20” 

Page  89,  FABLE  2-1  I 

Change 

MI  D Inis  I subheading  from  I /sec  to  "1/5  sec” 

Page  89,  TABLE  2-1  I 
Change 

Minimum  computation  rate  column  figure,  last  item.  Altitude/range,  from  5 to  “X” 
Page  90,  TAB1  E 2-1  2,  Data  content  word  No  3,  Bus  I 
Change 

Position  N 240,  E -60  to  “Position  N 240,  E -144” 

Page  90,  TABLE  2-12.  Data  content,  word  No.  10,  Bus  1 
Change 

Position  N -360,  E -60  to  “Position  N -360,  F -144” 

Page  90,  TABLE  2-1  2,  Data  content,  word  No.  21 , Bus  1 
Add  to 


0 0 D "WE  = I 


r 
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Page  94,  1 IGUR1  2-4,  last  control  word  format 


» 


Change  last  lour  numbers 
0 111  to  “I  0 0 0" 

Page  94,  FIGURI  2-4,  sentence  at  bottom  of  figure 
Change  to 

“The  following  words  (8  through  <>4 )”,  will  contain  . . . 
Page  97,  FIGURE  2-7 

Replace 

Page  99,  FIGURE  2-9 
Change 

GUID2D  to  “G2D” 

Page  99,  FIGURE  2-9 

Add  to  lower  right  side  of  format 

“GS  332 

IDD 

121/22  kts” 

Page  101,  FIGURE  2-1  I 
Change  dimension 

5.75  in.  to  “5.5  in.” 

Page  102,  FIGURE  2-12 

Add  to  lower  right  side  of  format 

“16  n mi /in. 

G2D” 

Page  102,  FIGURE  2-12 

Add  to  lower  right  side  of  format 

“GS  332 

IDD 

121/22  kts” 
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FIGURE  2-7. -MFD  BUS  1,  BUS 


t 


Page  124  I'AHLE  3-4,  Pointer  to  2iul  waypoint 
Delete 

”7180  . BO” 

Page  137.  paragraph  2,  third  sentence 
Change  to 

. . . on  the  screen  scaled  at  ”67  demon ts/iu.  horizontally  and  86.6  elements/in. 
vertically.” 

Page  139,  paragraph  4.  first  sentence 
Change 

. . . failure  by  annunciation  of  the  NCDU  . . . to  . failure  by  annunciation  or.  the 
NCDU”  ... 

Page  1 39,  paragraph  4 
Add 

. . . for  troubleshooting.  "An  alternate  modification  to  the  display  system  software  that 
would  cause  the  EADI  display  symbology  generated  from  digital  data  to  blank  out  if  no 
parity  error-free  data  were  received  over  the  EADI  bus  for  a defined  period  of  time 
was  not  mechanized.” 

Page  I 39,  section  4. 2. 2. 5 
Add 

The  timing  of  the  EADI  bus  data  transmission  is  identical  to  that  defined  in  section 
2.2.4  and  shown  in  figures  2-6  " and  2-7.” 

Page  141,  section  4.4.2,  paragraph  I , first  sentence 
Change 

Table  2-5  to  "table  4-5.” 

Page  141,  section  4.4.2,  paragraph  I , last  sentence 
Change  to 

"Initially,  AO  was  zero  (AO  = PITCHB)  but  as  a result  of  early  flight  test  experience, 

AO  was  set  to  5 .” 


|»age  141 , section  4.4.2,  paragraph  2,  last  sentence 
Delete  and  change  to 

"With  the  5°  bias  airplane,  pitch  attitude  0 is  displayed  by  5 
Page  141 , section  4.4.2,  paragraph  3,  last  sentence 
Change  to 

-The  «.  center  position  will  be  selectable  tl.routP,  an  erase/validity  switch  on  the 
SCU.” 

Page  141 , section  4.4.3,  lirst  sentence 
Change  to 

sharp  boundary  delineated  by  a “single,  solid  . . 

Page  142,  paragraph  3 
Change 

A double,  solid  stroke-written  line,  vector  code  ' '0100° ;;  • to 
“A  single,  solid  stroke-written  line,  vector  code  1 1 00000  . . . 

Page  142,  section  4.4.4,  paragraph  I , first  sentence 
Change  to 

, -Ions  at  5”  increments  between  ±30“,  as  specified  in  table  4-5.  The  5°  increments' 
Page  142,  section  4.4.4,  paragraph  2,  second  sentence 
Change  to 

“generate  the  5 pitch  line,  . • • 

Page  142,  section  4.4.4,  paragraph  4,  second  scntcr.ee 

Change  to 

“shall  be  scaled  at  0.167  in.  deg. 
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l’nge  143,  section  4.4.5,  paragraph  2.  first  sentence 
Change  to 


“long,  dashed  (delete  ‘double’)  stroke-written  line,  modulated  as  vector  code 
1 100001,  with”  • • • 


ige  1 44,  sec' 

lion  4.4.7,  paragraph  3 

Change  to 

"I  PA 

/ 111)0 1 \ / 57.3  \ 

- \ VOS  ) \ ISO  ) 

(deg) 

DA 

t,  (IK  llDCi) 

(deg) 

where  1 1 

1 is  a 1 -see  lag  1 liter 

'age  144.  sec 

tion  4.4.7 

Insert  new 

pa  lagraph 

where  f 

1 is  a 1-sec  lag  filter. 

“The  gamma  wedges  shall  Hash  at  approximately  4 times/sec  when  the  Hare 
initiate  discrete  is  received  from  the  1CP  computer  during  coupled  autoland  approaches.” 


The  NCU  shall  then  transmit  . . . 

Page  145,  paragraph  1 
Change  to 

“where  I3  is  a 1-sec  lag  I liter.” 

Page  146,  paragraph  1,  third  line 
Change  to 

" . . .Under  any  other  conditions,  lASRLf  is  limited  to  a minimum  value  oi  l 1 5 kt  by 
the  NCDU  software.  When  GU1D4D  is  not  set  and  the  T-NAV  switch  on  the  MFD  mode 
control  unit  is  switched  to  OFF,  PC  is  not  computed,  and  the  DM  is  set  to  invalid  by 
the  NCU.” 

Page  146,  paragraph  3 
Delete 

“The  acceleration  . . .airspeed.” 
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Page  1 4(i  section  4.4  10,  paragraph  1 , second  sentence 
Change'  to 

...  to  a maximum  of  “1  0 in.  above  (+20  ktland  1 .5  in.  below”  . . 

Pago  146,  section  4.4.10  paragraph  3,  lirst  definition  ol  1)1: LV 
Delete 

“1)1  LV  = IAS  - III  DIAS  when  1ASSLL  flag  is  set” 

Page  146,  section  4.4  10,  paragraph  3.  second  definition  ol  Db.LV 
Change  to 

...  as  defined  in  section  4.4.0  “not  in  a 4D  guidance  mode”  and  IASSLL.  is  not  set. 
Page  146.  section  4.4  10,  paragraph  3,  last  definition  ol  DLLV 
Change  to 

“DELV  = VC.S  - SDC  when  in  41)  guidance  mode  and  not  latched  below  1 ASRHI 

on  an  IASRLF  speed  leg.” 

Page  147,  third  and  fourth  lines 

Delete 

“and 

1A V|  > 1.54  kt” 

Page  147,  paragraph  1,  first  sentence 
Change  to 

“The  NCU  will  scale  AV  at  231  kt/bit  and  will  generate  a word  as  shown  in  figure  4-3, 
with  label  01 000100,  to  define  the  length  of  the  speed  error  symbol.” 

Delete  second  sentence 

“The  coordinates  will  be  defined  as  follows: 

AV  positive  . , . 

Y bottom  = AV 

where  Y coordinates  . . . raster  elements. 
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I 


f 


Change  last  sentence  to 

“ | he  symbol  length  is  defined  in  raster  elements.  When  GUID4I)  is  not  set  anil  not  on 
an  1ASRLF  speed  leg,  the  DM  will  be  set  to  invalid.” 


* 


♦ 


Page  147,  paragraph  2 
Change  to 

The  PCU  will  generate  , DM  is  valid  “using  the  symbol  length  received”  from  the 
NCU  . , . 

Page  147,  section  4.4  I I , title  and  paragraphs  I and  2 
Replace 

“4.4.1 1 ILS  Symbology 

Localizer  and  glide  slope  deviation  shall  be  indicated  by  the  displacement  ot  one 
of  the  two  ILS  symbols,  specified  in  table  4-5,  from  the  boresight  dot  ol  the  reference 
airplane  symbol.  The  cross  symbol  shall  be  used  on  all  manual  approaches  and  the  ILS 
gate  symbol  shall  be  used  lor  autolands  only. 

No  data  are  required  from  the  NCU  to  generate  or  position  these  symbols.  The  PCU 
shall  use  the  localizer  and  glide  slope  signals,  which  are  input  directly  to  the  PCU  as  dc 
analog  signals  (see  table  4-1 ),  to  position  these  symbols. 

Insert 

“4.4.  Ill  Cross  Symbol 

The  cross  symbol  shall  be  composed  of  six  raster-generated  rectangles  as  specified 
in  table  4-5.  The  symbol  shall  be  shaded  black  (0001 ) and  have  priority  levels  (10001 ) 
through  (101 10)  assigned  to  it. 

The  localizer  deviation  signal  shall  be  mechanized  to  move  the  ILS  cross  lett  and 
right  relative  to  the  reference  airplane  symbol  at  0.4333  element  m amp.  T le  maximum 
lateral  movement  shall  be  limited  to  ±1 .433  in.  (+96  elements)  from  the  zero  position 
Note  that  this  corresponds  to  a 222-pantp  (2.95  dot)  localizer  deviation.  The  maximum 
input  will  be  approximately  ±225  /uamp. 

The  glide  slope  deviation  signal  shall  be  mechanized  to  move  the  ILS  cross  up  and 
down  relative  to  the  reference  airplane  symbol  at  0.266  element  gamp.  I he  maximum 
vertical  movement  shall  be  limited  to  ±0.625  in.  (±54  elements)  from  the  zero  position 
Note  that  this  corresponds  to  a 203-gtamp  (2.70  dot)  glide  slope  deviation.  I he  maximum 
input  will  be  approximately  ±225  pamp. 
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4.4.1 1.2  ILS  Box 


Hie  ILS  box  symbol  shall  bo  used  in  lieu  of  the  1LS  cross  symbol  whenever  both  a 
LAND  LNGAGi:  and  an  AUTO  I.NCiACd  discrete  are  received  from  the  flight  control 
computers.  Hie  symbol  shall  be  composed  of  four  raster-generated  rectangles  as 
specified  in  table  4-5.  I he  symbol  shall  be  shaded  white  (1111)  and  have  priority  leve  s 
(01 101 ) through  ( 10000)  assigned  to  it.” 

Page  147.  section  4.4  1 I.  paragraph  3 

Change  and  insert  as  second  paragraph,  section  4.4.1 1.2 

“The  localizer . . . airplane  symbol  at  2.7  elements/pamp.  lhe  maximum  lateral 
movement  shall  be  limited  to  ±1  ‘>4  in.  (±130  elements)  from  the  zero  position.  Note 
that  this  corresponds  to  a 48-pamp  (approximately  2 3 dot ) localizer  deviation, 
maximum  input  signal  will  be  ±225  /aamp. 

Page  148.  paragraph  1 

Change  and  insert  as  third  paragraph,  section  4.4.1 1 .2 

lirnlane  symbol  at  0.505  elemcnt/pamp.  The  maximum  vertical  movemenl [shall 
be  limited  to  ±0.875  in.  (±76  elements)  from  the  zero  position,  which  corresponds  to  a 
1 50-pamp  (2  dot)  glide  slope  deviation.  The  maximum  input  will  be  ±225  pamp. 

Page  148.  paragraph  2 
Dele  ;c 

“Radio  . . appropriate).” 

Page  148  paragraph  4,  first  sentence  (fourth  paragraph,  section  4.4.1  1.2) 


Change 

. . . the  ILS  sy  mbol  ...  to  “the  ILS  box  symbol  . . . 
Page  149,  third  and  fourth  lines 
Change  to 

“Kp  = pitch  command  scale  lactor  = 2610 

Ku  = roll  command  scale  factor  = 468 

K 
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Page  149,  paragraph  1 


Change  to 

“The  NCU  shall  scale  the  pitch  command  at  14.5  bits/deg  0 and  the  roll  command  at 
■>  (,  bits  deg  0.  and  shall  limit  the  respective  movements  ol  ±1 .0  in.  ( + 87  bits)  vertically 
•mil  +0  97  in  ( + (>5  bits)  horizontally.  1 he  NCU  shall  then  transmit  these  roll  and  pitch  ^ 
commands  on  labels  01  000101  and  010001  10  as  an  X and  a Y coordinate,  respectively 

Page  149,  section  4.4.13,  paragraph  3,  first  sentence 
Change 

. the  circle  and  dashed  gamma  wedges  symbol  will  be  generated  alone  . to  “.  the 
circle  or  dashed  gamma  wedges  symbol  will  be  generated  alone  dependent  upon  which 
VNAVF  option  is  selected  on  the  NC  1)U. 

Page  I 50,  section  4.4. 13.1,  paragraph  I , last  sentence 


Change  to 

. . .“identifier  display  in 
Page  150,  section  4.4.13.1 , p; 

Change  to 

“XS'  = 4388.7b 

YS’  = 4388.7b 

Page  150,  section  4.4.13.1 , paragraph  3 
Add 

next  waypoint  “and  all  angles  are  defined  in  degrees/ 180.  (See  figures  . . . 
Page  151,  paragraph  2 
Change 

24.8  (both  times)  to  “4388.7b” 

Page  151,  paragraph  4 
Change  to 


the  lower  right  comer  ol  the  UADI, 
aragraph  3 


- 1 / XT  K \ 

ANGLl  + DA  -1KU  - tan  (l)TOGO  + DIST/ 

j.  nrrru  + PITCH  H*l” 

Idtogo+dist/ 


tan-l  / mm \ + PITCH  + PITCH  B* 


“XSL  = ±400  bits 
YSL  = ±285  bits’ 
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Page  151  paragraph  4 
Add 

1 or  the  upper  airplane  position  “(as  used  ...  the  ADKDS  configuration,.”  the  YSI 
Page  151,  subparagraph,  paragraph  4 
Change  to 

+ 1 20  hits 

"YSI  -450  bits” 

Page  152,  paragraph  1.  third  sentence 
Delete 

••The  ly  pe  2 word  . . . the  symbol.” 

Page  152.  paragraph  1.  last  sentence 
Add 

...  to  the  hori/on  " and  will  be  equal  to  - (<7>.  where  <j>  = roll  angle. 

Page  152,  paragraph  3 
Change 

24. 8 (both  times)  to  “2388.76” 

Page  152,  paragraph  4 
Change  to 

“Airplane  at  screen  center: 

Airplane  at  offset  position: 

Page  153,  paragraph  1 
Change 

Yj  = YC  + 26*  to  “YC  + 42*” 

Y3  = YC-  26*  to  “YC-  42*” 

*26  bits  to  “*42  bits” 


XCL=  ±400,  YCL  = ±285 
+ 120 

XCL  = ±400,  YCL  = _nn 


t 


Page  153,  paragraph  2,  lirst  sentence 


C hange 


vector  code  1 1 0000 1 . . . to  . , . “ vector  code  I 100000”  . . . 


Page  153,  paragraph  3,  lirst  sentence 


Change  to 


“A  three-  to  five-character  alphanumeric  label  identifying  the  displayed  waypoint 
shall  be  displayed  in  the  lower  right  corner  of  the  FADI,  as  shown  in  table  4-5.” 


Page  I 53.  paragraph  3,  last  sentence 


Change  to 


“have  WF-  = 0,  ST  - 0,  and 


Page  I 53,  paragraph  4 


Delete 


"Additional  type  4 . . (sec.  4.4. 1 3 


Page  I 53,  footnote 


Change  to 


"*42  bits  = 0.360  in.,”  which  . . . 


Page  154,  paragraph  3,  first  sei  tencc 


Change  to 


. . .“these  data  at  0.167  in. /deg  and  shall  subtract  pitch  and  pitch  bias’ 


Page  154,  last  paragraph 


Change  to 


“XC*  = KR' (RCMD)  + 4388.76  (DA) 

YC’  = KP'(PCMD)-  4388.76  (PITCH  + PITCHB  - FPA)” 


k- 


I 


I 


- 


Page  155,  paragraph  i 


Change 

kR'  figure  to  "21  02.4” 

Change  KP’  figure  to  "8760 

Page  155,  section  4.4.14,  paragraph  3,  last  sentence 
Change  to 

‘The  display  shall  read  in  2-1 1 increments  from  0 to  190  ft  in  1 0-1 1 increments  trom 

1 00  to  1 500  ft,  and  in  1 00-ft  increments  from  1 500  to  2500  It.” 

Page  157,  the  Y5  equation 
Change  to 

"wiiere  S|  = 4388.76  bits  per  semicircle  ” 

Page  1 57,  next  to  last  paragraph,  first  sentence 
Change  to 

. "using  vector  code  1 100010.  with  ly  set  ... 

Page  1 58,  third  item 
Change  to 

"Width  of  runway  (300  tt  assumed)’ 

Page  1 58,  section  4.5.1 , first  sentence 
Change  to 

. '-This  mode  is  initiated  by  selecting  IT  ST  mode  on  the  bADl  mode  control  unit 

(sec  fig.  46).”  Selection  i ^ 

Page  159,  paragraph  2.  firsfsentencc 
Change  to 

. . . “hADl  test  pattern  defined  in”  figure  . . . 


V 


Page  1 59,  section  4.7,  Switch  4 
Change  to 

••()l  I Reference  airplane  symbol  position” 

Page  160,  last  line 
Delete 

“Switch  i ! . position” 

Page  162,  I AH  I P 4-2,  line  I I 
Change  to 

“1&.R  control  word  with  1C  = 00,  RC  = 0,  RS  - 0,  0(  = 1 , 1C  = I,  Wl  =1 
Page  163,  1 ABU  4-3,  second  section,  PI  1C  II  Rl  I 
Add  to 

. . . reference  line.  “Readout  follows:  Auto  I PA  from  NCU." 

Page  165,  TABU  4-5,  dimensions 
Change 

All  I 02  figures  to  "0.97” 

All  0 44  figures  to  "0.38” 

All  0.06  figures  to  "0.05” 

Page  166,  TABLE  4-5  Continued,  Pitch  Attitude  Scale 
Replace 

Page  167,  TAB  LI  4-5  Continued,  Roll  Pointer  and  Scale 
Change 

I igure  0.1  5 to  “0.26” 

Page  1 70,  TABLE 4-5  Continued,  V-Nav  Identifier 
Change 

CAR  to  “CAKNN” 

move  C’ARNN  to  lower  right  corner  of  indicator  lacc 


I ‘age  I 66 
Replace 

TABLE  4 5.  CONTINUED 


0.50 


0 50 


Note:  Sj  scale  factor 


Pitch  Attitude  Scale 


Dimensions  in  inches 


Pitch  Reference  Line 
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Page  175,  I ABU  4-6  Continual,  last  item 
Add 

"\\  R"  in  label  column 

Page  176.  I'ABl  1 4-6  Concluded.  Label  column 
Add 

"KP  in  1 a be  I column  on  Pitch  flight  director  command  scale  lactor  line 
"KR"  in  1 aliel  column  on  Roll  flight  director  command  scale  factor  Ini  ' 

Page  176.  1 A B l 1 4-7,  Data  content  column 

Change  to 

“Position : X = -288  bits” 

Page  176,  TABU  4-7.  Data  content  column,  following  N + 7 
Add 

“N  + 8 Symbol  word  type  4 1)  WL  I” 

Change 

N + 8 to  “N  + 4” 

Page  I 76,  TABU  4-7.  footnote,  first  line 
Change  to 

“N  = first  word  of  table  data' 

Page  183,  F1GURI:  4-6.  Pitch  Ref 
Change 

22.7  to  “ -I  2.7” 

Page  185.  1 1C.URL  4-8 


Replace 


1 J Center  of  beam  above  and  to  right  of  airplane 
2^  Plus  pitch  command  (calls  for  pitch  up) 

I)  Plus  speed  error  (calls  for  speed  increase) 

T)  Plus  roll  command  (calls  for  roll  right) 

5)  Plus  flightpath  acceleration  (forward  acceleration) 
If)  Plus  flightpath  (above  horizon)  and  plus  drift  angl 
7)  Minus  pitch  (or  flightpath  angle)  reference 


FIGURE  4-8.— POLARITY  DEFINITION-EADI  SYMBOLOGY 


A 


Page  192,  i 1C, URL  4-19 
Replace 

Page  199,  section  5.3.2,  paragraph  2.  item  2 
Change 

TAL  to  “1  Kl£” 

Page  201 , section  5,4.2,  item  8 
Change  to 

“Track  angle  error  (TKl  I" 

Page  202.  section  5.4.3,  item  I 
Change  to 

“Airplane  track  angle  error  (4  Kb) 

Page  204,  TAB  LI:  5-2.  item  6 
Change 

TAL  to  “TKL” 

Page  224,  paragraph  1.  last  sentence 
Add 

. zeroed  out.  “hntry  ot'a  new  origin  also  reinitializes  navigation  air 
the  present  INS  values  of  latitude  and  longitude.” 

Page  231,  third  subparagraph,  next  to  last  sentence 

Change  to 

increasing  or  when  “\TK  is  greater  than  15.000  tt.  1 he  . . 

Page  23 1 , Note 
Delete 

“Note:  ...displays.” 


ane  position  to 


i 33 


I 


I 


Page  234,  paragraph  I last  subparagraph 
C hangc  to 

"•  nil  SI  I . Ik  SI  l . M I INC.  I PA  I \(i.  IAS  INC” 

Pago  244.  footnote 
IVk- to 

" I hose  mock's  panel  " 

Pago  23S.  lines  2 and  3 
Change  to 

"4  NAVAID  #2” 

”5  NT  XT'  -\" 

Page  23S.  first  subparagraph 

Change  to 

‘Data  that  will  override  the  autotune  station  selection  can  he  entered  on  lines  3 and  5 
I he  letter  M will  appear  in  position  24  following  the  three  letter  eode  of  the  manually 
tuned  station.  Reversion  to  the  autotune  of  navaid  I will  occur  when  keys  3 Rl  .1  re 
pressed  in  the  NAN  I)  \ I \ 3 mode.  Similarly . keys  4.  Rial  cause  reversion  to  the 
autotune  of  navaid  2.' 

Page  238.  last  subparagraph  first  sentence 

Change  to 

...  a Hag  “RETUN2"  is  set  and  the  cue  RE' I UNL  “NAVAID  #2"  will  appear 
Page  238.  last  subparagraph,  last  sentence 
Change  to 

. . next  waypoint  is  “passed"  and  the  same  . . . 

Page  238.  section  ft. 5. 5 
C hangc  to 

"There  arc  three  SI  l modes:  hold  modes.  I ADI  options,  and  I PR  limit  sold  tion 
I'-uch  display  format  is  activated  by  successive  presses  ot  the  .81  L key." 
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Page  23.S,  scelion  6.5.3  I 


Change  to 

“The  first  and  fourth  press”  of  the  . . . 

Page  239,  first  paragraph 
Change  to 

“The  SI  L 1 modes  WPT  IIOI.I)  and  Ol ESI  T,  when  activated.  cause  no  automatic- 
change  to  the  path  guidance  output  to  the  flight  controls,  autothrottle,  and  I ADI 
display.  However,  additional  symbology  will  appear  on  the  Mi  l) 


• WPI  HOLD 

• C.UII)  Lateral  path  guidance  output  unchanged. 

• Ml  I)  Holding  pattern  sy  inbology  (see  sec  2,4  1 .7.6)  Mode  and  scaling 

annunciation  (see  sec.  2.4.1.10). 

• L ADI  VNAV  and  fiight  director  options  driven  by  original  path  guidance. 

• OFFSET 

• GUID  Literal  path  guidance  output  unchanged. 

• MFD  Offset  path  displayed,  original  path  shows  as  provisional.  Time  box  stays  on 

original  path.  Mode  and  scaling  annunciation  (sec  sec.  2.4.1 .10). 

• LAD1  VNAV  1 and  flight  director  options  driven  by  original  path  guidance." 

Page  240,  first  subparagraph 
Change  to 

• LADI  VNAV  . . . the  flight  plan  “path."  ( Delete  “and  LINKUP  displayed  belov 
waypoint  . . . set.”) 

Page  240,  ALT  LNG  subparagraph,  last  item 
Change  to 

. . . fiight  plan  path.  ( Delete  “SbL/ALT  displayed  . . designator.") 

Page  240,  IAS  ENG,  last  item 
Change  to 

“EADI  Acceleration  command  and  speed  error  continue  to  br  driven  by  4D  path 
guidance.” 
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Page  240,  1 ■ I* A SI  l Inst  item.  Inst  sentence 
Delete 

“SLL/I  PA  will  . . designator.” 

Page  241.  fourth  subpm njzrn i>li 
Change  to 

“When  the  MOL.1)  wnypoint  becomes  the  TO  waypoint,  the  annunciation  on  line  8 of 
the  NAV  DATA  I anil  NAV  DATA  2 pages  will  become  1 10 1 I)  RANGE 

Page  243,  preceding  section  6.5.6 

Add 

“6.5.5  3 Sir  I.  3 Li  PR  Status 


The  third  press  of  the  SLR  key  will  bring  up  the  STL  3 format  (see  fig.  6-1 2a). 
and  the  cue  message  on  line  8:  CHI  CK  AIRBLLLI)  STATUS.  SI  L 3 RPR  status 
display  options  will  be  activated  as  follows: 

• Press  key  I.  Airblced  status  will  toggle  between  ON  and  Oi  l each  time  I is 
pressed.  The  ABSTAT  flag  will  be  set  correspondingly  to  1 or  0 lor  the  HPR 
limit  calculations  (see  sec.  8.5).  SFL  3 line  8 message  will  become  SELECT  # 
FOR  ACTIVE. 

• Press  key  2,  3,  or  4 to  select  the  active  EPR  limit.  SELECTED  appears  on  the 
line  corresponding  to  the  number  key  and  the  flag  EPRFLG  used  in  the  EPR 
limit  algorithms  (sec.  8.5)  will  become  0 for  a line  2 press,  I for  a line  3 press, 
and  1 for  a line  4 press.” 

Page  243.  section  6. 5. 6. 2,  paragraph  I 
Change 

. . . page  (see  fig.  “6-14).”  This  page  . 

Page  243,  last  paragraph,  second  sentence 
Change 

. . . status  page  for  a minimum  of  10  “sec.”  ( Delete  "and  the  cue  . . this  message  ”) 

Page  247.  section  6.7.2 
Delete 

Items  1 2,  3,  4,  and  7 
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Page  248.  section  0.8 


"6.8  NCDU  DEBUG  PAGES  AND  COMMANDS 

There  are  three  NCDU  debug  pages  on  which  any  NCU  memory  location  may  be 
displayed  and  changes  stored  back  into  memory.  The  update  rate  is  once  per  second, 
ll.ere  are  live  display  formats:  octal,  decimal,  angles,  alpha,  and  dump.  All  modes 
except  dump  display  one  location  per  line.  Dump  displays  -wo  locations  per  line, 

The  contents  of  the  displayed  line  may  he  changed  in  all  modes  except  dump  mode. 

In  NCDU  debug  commands,  x represents  an  octal  address,  y represents  an  octal 
value,  a represents  an  alpha  character,  and  represents  a decimal  digit.  I he  procedures 
for  debug  commands  are  as  follows: 

• Push  zero  to  initiate  debug  on  to  change  pages. 

• Push  Rl  J to  clear  a debug  page. 

• To  enter  a command,  push  a line  number  ( 1 through  8).  The  word  LINf  and 
the  number  will  appear  on  line  8.  Then,  key  one  of  the  following  comments: 


• A (octal)  format 

Display . 

Change. 

• If  (alpha)  format 

Display : 

Change : 

• C (angle)  format 

Display: 


Key  Ax 

If  x = 0,  line  is  cleared  . 
Key  CY 

Key  Kx  for  8-bit  ASC 
Key  KxK  for  7-bit  ASC 


Key  Gx  for  deg/1 80 
Key  GxG  for  deg/360 
Key  GxB  for  0-360  deg / 360 


Change:  Key  C i^j  jWd,  ddai 

i — minutes 

I —degrees 

Will  store  1- 1 80  deg / 1 80  for  G Command 

1-180  deg/360  for  GG  Comm  aid 
0-360  deg/360  for  GB  Command 


b (decimal)  format 
Display: 


Change 


Key  UxBdd 

if  Bdd  missing,  assumes  B23  (integer) 
Key  CjNtJ  ddddul 


any  legal  0 character  AS(  BIN 
numbei 
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• I)  (dump)  format 
Display  only  : 


Key  l)x 

Displays  two  octal  locations/line  trom 
entered  line,  number  to  bottom  of  page 


• Override  octal  store 

Change  only  : KeyCAy 

Octal  value  y will  be  stored  into  the  displayed 
location.  The  format  of  the  display  will  not 
be  changed. 

6.9  NCDU  SOFTWARE  LABELS 

The  machine  language  labels  for  the  variables  defined  in  section  6.6  are  summarized 
in  table  6-9.  These  labels  are  used  by  the  NAV,  GUID,  MFD,  and  LADI  programs.” 


Page  249,  TABLL  6-1 


Add  to  end  ot  list 

“CHECK  airbleld  status  PRESS#  FOR  ACTIVE” 

Page  256,  TABLE  6-7  Concluded,  Mode  (page)  used  column 


Add 


Draw  arrow  from  SEL#I  to  RADIAL  line 
Page  256,  TABLE  6-7-Concluded 
Add  to  end  of  1 able 


Displayed 

Name 

Mode  (page) 
Used 

Parameter 

Units 

MCT 

SEL  #3 

Mag  continuous  thrust  EPR  limit 

- 

CLIMB 

Mag  climb  thrust  EPR  limit 

— 

CRUISE 

Mag  cruise  thrust  EPR  limit 

— 

EPR  1 

Engine  1 EPR 

— 

EPR  2 

Engine  2 EPR 

Page  259,  TABLE  6-9-Concluded,  item  7,  Label  column 


Change 

HLDTK  to  “HLDTRK” 


1 


1 
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I>a 259,  TABLE  6-9  Concluded,  item  10 


Delete 

“GSSEL  . ” 

Page  259,  TABU  6-9  Concluded,  item  1 1 
Delete 

“11LDGS . . 

Page  279,  F1GURI  6-10 
Replace 

Following  page  281 

Insert  Figure  6-1 2a  SFL  3 (SF  LFCT  3 ) MODE 
Page  295,  section  7.1 , paragraph  2,  last  sentence 
Delete 

"The  fast  loop  . . time  /sec.” 

Page  295,  section  7.1.1,  paragraph  1 

Change  to 

"INS  updated  by  two  DMEs  (IDD)  where  the  first  D refers  to  DME  1 and  the  second 
D refers  to  DME  2 

INS  updated  by  one  DME  and  one  VOR  (IDV,  or  1VD) 

INS  updated  by  one  DME  (1DX  or  1XD) 

INS  alone  (1XXX) 

Air  data  and  magnetic  heading  updated  by  two  DM Fs  (ADD) 

Air  data  and  magnetic  heading  updated  by  one  DME  and  one  VOR  (ADV  or  AVD) 

Air  data  and  magnetic  heading  alone  ( AXX) 

Air  data  and  magnetic  heading  updated  by  one  DME  (ADX  or  AXD) 

Radio  navigation  alone  (XDD,  XDV,  XDX.  etc.) 

Page  295,  paragraph  2,  first  sentence 

Add 

...  of  preference.  “Because  only  the  DMEs  are  autotuned  (sec.  7.1 .2.3),  the  VOR 
modes  above  are  not  primary  modes.”  Automatic  mode  . . . 


r 


Page  296,  section  1.2.1,  first  sentence 
Change  to 

three  flags  “10,  I ' 2 , and  13. ” These 
Page  296.  section  7.1  2.2,  paragraph  2 


Change  to 

. . AUTO  position.  "VOR  2”  tuning  is  . . 

Page  296,  section  7. 1.2.3,  paragraph  I 
Change 

All  navaid  I,  TUNI  NAVA11)  #1 , and  RTTUNI  should  he  changed  to  “navaid  2." 
"TUN  I NAVAID  #2.”  and  “RHTUN2.” 

Page  296.  section  7. 1.2. 3,  paragraph  2,  first  and  second  sentence 

Change  to 

“The  navaid  1 autotuning  selects  the  best  VORTAC  station  availal  le  for  tri- 
angulation  with  navaid  2 data.  When  airplane  altitude  is  below  18,000  ft,  a search  i' 
made  of  all  VORTAC  stations  within  a range  of  40  niui  and  a station  bearing  estim  i- 
tion  is  made.” 

Page  297,  llrst  sentence 

Change  to 

“first  station  whose  bearing  relative  to  the  navaid  2 satisfies  the  expression  defined 
below  will  be  autotuned  as  navaid  1 . 

150  > (bearing  navaid  I - bearing  navaid  2)>:0°  " 

Page  297,  section  7. 1.3.1,  paragraph  I 

Change  to 

“The  NCU  receives  velocity  north  and  velocity  east  from  the  INS  5 times/sec 
over  the  ARINC  5ol  digital  bus  (see  table  7-3)."  ( Delete  “These  accelerations 
...  20  times/sec.”) 

“V|yj  = INS  north  velocity 

V|  = INS  east  velocity” 


i 


1 4 3 


Page  297,  section  7. 1.3.2,  items  I and  2 
Change  to 

"VN  = V I AS  COs  1 ^ 1 

V|.  = v sill  (iTO” 

Page  298,  section  7. 1.3. 2.  first  paragraph 
Change  to 

“M AOVAR  is  calculated  in  the  INS  and  transmitted  to  the  NC'U  as  shown  in 
table  7-3.  In  the  event  of  INS  failure,  the  last  transmitted  value  of  MAOVAR  received 
from  the  INS  is  used  to  convert  the  analog  magnetic  heading  input  to  true  heading  tor 
use  in  the  reversionary  air  data/magnetic  heading  navigation  modes.” 

Page  298,  section  7 1 .4 
Change  to 

“The  following  computations  are  performed  in  the  slow  loop.” 

Page  298.  section  7. 1.4. 1 
Change 

All  DM l-  and  VOR  to  "VORTAC"  (eight  changes) 

Pages  300,  301.  and  302 
Replace  with  the  following: 

“7. 1 .4.3  Selection  of  Weights  Wj  T hrough  w^ 

I or  the  DMb/DMf  mode: 

W|  - W}  = W<;  = W 1 = 0.125 
w-i  = w'4  = w(l  = w^  = 0.0 
For  the  VOR  2/DMF  1 mode  (1I)V): 
w | = w^  = 0. 1 25 
W3  = w7  = w4  = wj.  - 0 
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f 


) 


w=-w*-""-51  (4) 

RiiUlx  = 20  nini 

Fortlie  VOR/DMF  2 mode(IVI)) 


w3  = 

w7  - 

0.125 

w,  = 

w5  = 

Wi  = 

= 0 

w4  = 

w8  = 

(0.125) 

(RM2  ) 

air  dal: 

i mode 

S 1 

w,  = 

\v3  = 

w5  = w7 

= 0.5 

7. 1 .4.4  C oiiipulation  of  Filter  lu  st  and  Second  Order  Feedback  Terms 
K|  = 2\v  dt  = s/Tdt 

ki  = w~dt  - l/l-dt 

T =20  see  an  data  mode 
1 = 50  see  INS  mode 


K'|  = 1 /K  | dt 
K'2  = 360K3dt 

7. 1.4.5  Computation  of  Meridional  Radius  of  Curvature  and  Radius  of  Curvature 
Normal  to  Meridian 

Normal  radius  of  curvature: 

R'n  = I'a  (’  + a (I  t f si  n ~ 0 ) cos  0 


2 


1*5 


Meridional  melius  of  curvature 


R'M  - li/\  (•  •*  A ( 1 - 21  * 3f  sin-  0) 
7, 1 ,4.(t  Wind  ( aleulations 


Wind  is  calculated  in  the  slow  executive  loop. 


Wind  diiection  = 1X0°  + tan 


V j;  - V I ^ Sill  (lllXi) 
V'n  - V i \v^  cos  (MIX  •! 


W indspeed 


h 


N 


- V 


r.\s 


cos  m nr,)  - + v,  - v 


1 AS 


sin  (lUKi) 


II  radar  altitude  is  less  than  5 toe t . windspeed  is  set  to  zero  and  wind  direction  is 
left  unchanged.  Also  note  Ironi  table  that  \'  py\^  is  set  to  the  value  o!  calibrated 
airspeed  when  V | ^ < 150  kt 


7.1.5  Fast-Loop  Computations 


The  following  computations  are  performed  20  tinies'sec  in  tile  List  loop. 


7. 1.5.1  Analog-to-Digital  Conversions 

A description  of  the  A/D  conversions  is  included  in  table  7-7,  which  shows  the 
input  data  from  all  analog  interfaces,  and  also  the  digital  input  data  from  the  ICP, 
which  also  requires  conversions  troin  ICP  machine  units  to  units  compatible  with 
the  C-4000. 


7. 1.5. 2 Navigation  Mode  Flags  (see  Table  7-1) 

When  the  INS  data  are  valid,  the  INS  valid  discrete  (bit  4,  see  table  7-3)  will  h 
set.  If  it  is  desired  to  ignore  the  INS  data,  then  the  tlag,  NOINS.  may  be  set  to  non- 
zero via  the  NCDU  debug  page.  If  the  discrete  is  set  and  the  flag,  NOINS,  is  zero, 
then  the  INS  mode  flag  is  set  and  the  inertial  velocities  are  stored  (see  sec  7 1 .3  1 l. 

If  the  INS  data  are  not  to  be  used,  then  the  altitude  valid  discrete  bit  7 ) is  tested. 
If  valid,  the  air  data  mode  flag  is  set  and  the  velocities  are  calculated  as  indicated  in 
section  7. 1.3.2. 

If  neither  the  INS  nor  the  air  data  modes  are  valid,  then  the  system  dead  reckons 
using  the  last  available  velocities. 

7. 1.5.3  Latitude  and  Longitude  Initialization 

There  are  three  ways  by  which  latitude  (0)  and  longitude  (X)  can  be  initialized  in 
the  NCIJ.  At  initial  power-on  of  the  NCU,  latitude  and  longitude  are  automatically 


initialized  on  .1  one-time  only  basis  In  latitude  (</)|land  longitude  (X| ) removed  In  in  the 
INS  \K1NC  5t>l  input  Inis,  (See  table  7-(>.t 

When  groundspeed  is  less  than  4 kt  latitude  and  longitude  initialization  from  the 
INS  can  be  overridden  b\  manual  entry  through  the  M 1)1  MA\  DM  A 3 mode. 

Whenever  a new  origin  is  entered  through  the  \t  DD  INI  I mode  latitude  ami 
longitude  are  reinitialized  to  INS  position. 

7. 1 .5.4  Velocity  Updates 
1 rror  velocity: 

AVjy  - AV^  + K ■oAl’jyj 

AVl  = AV|  + k'lAl’i; 

System  velocity 

vN  = VN  + avn 

V,.  - Vj.  + AV|. 

7. 1.5. 5 Latitude/Longitude  Updates 

Hie  following  updates  occur  only  if  gronndspeed  is  greater  than  4 kt. 

Latitude  and  longitude  updates: 


A0p  - M\{  + (Vjvjdt  + K'|  APn)R'm 
AA^  = AAr  + < Vj.dt  + K'|  AP^VR'jyj 

System  latitude/longitude: 

0 = 0 + A0k 

A = A + AA 

A conversion  factor  of  6076. 1 2 It/min  of  latitude  is  used 

7.1. 5. 6  Ineitial  Latitude  Longitude  Updates 

This  calculation  of  uncorrected  inertial  position  is  required  lor  instrumentation 
purposes. 


01  - <>\ 


+ 


vNd. 


R' 


M 


*1 


V ill 
+■  — L 
R'N 


7. 1.5. 7 I rack  anil  I leading  C alcul  alions 


MIX]  = INS  true  heading  from  the  INS  AR1N(  5bl  bus  input 

1)1  TAN(i  = TK  - H1X. 

If  grou.ulspeed  is  less  than  (54  knots. 

|)FTAN(,=  0 
T K = HIXi 

7. 1.5. 8 Digital/Synchro  Outputs 

'I  ne  following  output  functions  are  processed. 

• sin  (l)I  TANG)  - location  1008 

• cos  (l)FTAN(i  - location  101K 

• sin  (TKI  ) -♦  location  104g 

• cos  ( TKLi ) -*  location  105g 

(TKI  is  calculated  in  guidance  (see  see.  5.3.7.).) 

If  bit  1 0 of  the  input  discrete  is  zero  . 

• sin  (IK)  -*  location  I02g 

• cos  ( I K)  -♦  location  I03x 

If  bit  10  is  a one. 

• sin(TK-AC/M)  - location  102g 

• cos  (IK-  Ai//m)  ->  location  10.>8 
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• 


- ■ 


j: 


7.1  5.0  Groundspeed 


~ Videos  (IK)  + \’|.  sin  ( IK  ) kl 

\(iS  = (iS  * I.CN  S It  see 

I wo  groundspeed  Ikies  are  processed. 

N WITG  = ()  if  (,s  < 4 kl 
* n if  GS  > 4 kl 
NAV05K  = 0 if  GS  ^ M kt 
/ 0 il  (,S  > 64  kt 

I ■ 5 10  INS  Accelerations 


Along*  and  across-traek  accelerations  arc  received  on  the  INS  \R|\r  SG I ims 
and  rescaled  lo  produce  aloniHrack  acceleration  (VGSDOI  land  acrosstrnck 
acceleration  (ACNORMi.  ACNORM  is  further  processed  ky  a I sec  lay  filter  as 
follows: 

-AC  NORM  = ACNORM  + ((INS  cross-track  acceleration)  - ACNORM)  At 
7. 1 .5. 1 I Baro-lnertial  loop 

Baro  altitude.  1 1 ua |<0-  is  calculated  from  the  synchro  values  of  altitude  fine 
and  altitude  coarse. 

Barometric  altitude  is  mixed  with  iiicrtialK  derived  vertical  acceleration  to 
yield  vertical  velocity  and  baro-inertial  altitude  as  shown  in  figure  7-7>  where 

KA  = OOOOI25 

KV  = 0 0075 

Kl)  = 0.15 

Corro  ted  altitude  as  used  in  the  guidance  ci|iiations  ( uter  loop  bight  control 
mode  c<|iiations.  and  the  NC DU  display  quanl  ities  is  obtained  In  coni)  cnsaling 
baro-inertial  altitude  for  ehanyes  in  the  barometric  pressure  setliin;  (set  fiyuie  7-4) 
Barometric  pressure  settiny  ehanyes  are  introduced  into  the  navigation  aleulations 
via  entry  through  NCDU  initialize  page  I (see  sec.  n 5 I ) 

7. 1 .6  Symbols 

Symbol  definitions  are  listed  in  table  7-4. 


7.2  INPUT/OUTPUT  DATA 

Defined  in  table  7-5  are  flic  signals,  channel  selects,  and  associated  memory 
locations  in  the  NCU  system 


-■■■■-  - 


- - 


7.3  INS 


ADI  l)S  requires  an  ARINC  562  type  INS  to  provide  data  to  the  NCU.  A 
modified  l it  ton  LTN-51  is  used  to  satisfy  the  ADPDS  system  rei|uirements. 

7.3.1  Hardware  Modifications 

The  I TN-51  is  modified  to  provide  an  acceleration  pulse  weight  ol  I 64  ft  sec- 
in  the  navigate  mode  instead  of  the  standard  I 8 ft  sec“  per  pulse,  the  resolution 
provided  by  this  change  is  compatible  with  the  £AD1  display  functions  of  flight  path 
angle  and  fiightpath  acceleration.  In  addition,  an  accelerometer  identical  to  the 
horizontal  accelerometers  is  installed  in  the  vertical  position. 

7.3.2  Input/Output  Modifications 

The  following  changes  are  required  to  the  INS  inputs  lor  the  ADP.DS  conliguiation 

• The  ARINC  561  intersystem  A input  bus  is  connected  to  the  NCI  ARINC 
561  test  data  output  bus  to  receive  runway  heading  data  on  label  301.” 

Page  303,  first  sentence 
Change  to 


"The  INS  air  data  system  28-V”  . . 


Page  304 


Add 


“7.3.4  Magnetic  Variation 

Magnetic  variation  (MAC, VAR)  is  computed  in  the  INS  computer  for  the 
following  equation: 


MAC, VAR  = 


-2.73° 


where 

(j • > = Present  position  latitude 

A = Present  position  longitude 
A0  = 4>  -40° 

AX  = \//  + 82.5°” 
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Page  305,  TABLI  7-1 


t 


Add 

Under  "1  lag  state”  heading,  insert  an  additional  column  in  first  position  INS.  “1  lag 
state”  subcolmnns  will  then  he:  INS.  Air  dataa,  Radio  modeh,  Update1. 


Inertial 
Air  data 

Radio 

inertial 

Radio 
air  data 

Radio 

UR 

Page  306,  TABLE  7-2 


INS 

On 

Off 

On 

Ott' 

Oft 

OIT 


Replace 


Mode 

flag  state 

10  (DM1  l)a 

E3  (VOR  2)b 

E2  (DME  2)c 

DMH/DME 

Off 

Off 

VOR  2/ DME  1 

Off 

Off 

On 

VOR  2/ DME  2 

On 

Off 

Off 

DME  ld 

Off 

On 

On 

DME  2£l 

On 

On 

Off 

No  radio  update 

On 

On 

On 

aE0  is  set  ON  if: 

• DME  1 is  invalid  or  not  received 

• 0 > DME  1 range  > 200  nmi 

• Measured  estimated  range  > 5 nmi 

• Groundspeed  < 64  knots 

• Altitude  > computed  horizontal  range 

• Bank  angle  > 1 5° 

• Computed  horizontal  range  > 2 nmi 

bF3  is  set  ON  if: 

• VOR  2 is  invalid  or  not  reeOved 

• F2  is  ON 

• Range  > 20  nmi 

• Measured  estimated  hearing  > 2° 

• Groundspeed  <61  knots 


? 
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• Altitude  > computed  horizontal  range 

• (Measured  estimated  bearing)  Range  > 5 nmi 

LL2  is  set  ON  it 

• DM  I 2 is  invalid  or  not  received 

• 0 > DM L 2 range  > 200  nmi 

• Measured  'estimated  range  > 5 nmi 

• Orou ndspcfyd  < 64  knots 

• Altitude  > range 

• Hank  angle  > 1 5 

• Computed  horizontal  range  > 2 nmi 

Note:  In  the  single  DM1  modes,  position  and  velocities  are  only  updated  as  follows: 

• Latitude  is  updated  if: 

345  < Bearing  < 1 5 degrees 
165  < Bearing  < 195  degrees 

• Longitude  is  updated  if: 

75  < Bearing  < 105  degrees 
255  < Bearing < 285  degrees 

Page  307,  TABLL  7-3 
Replace 


TABLL  7-3.  D1SCRLTL  WORD  FORMATS 


Bit  position 

Input  location  46 

Output  location  60 

1 

VOR/LOC  valid 

Tune  1 invalid 

7 

PCU  valid 

Tune  2 invalid 

3 

MFD  1 valid 

WPT  alert 

4 

INS  valid 

NCU  valid 

5 

DME  2 valid 

RWY  heading  discrete 

6 

DML  1 valid 

NCDU  NPD 

7 

Altitude  valid 

To/from  flag  (low  level) 

8 

EAD1  valid 

Not  used 

9 

LTD  (end  of  NCDU  transmission) 

Vertical  low  level  flag  valid 

10 

True  heading/magnetic  heading 

XTK  low  level  flag  valid 

1 1 

Sparc 

Spare 

12 

Spare 

Spare 

13 

Lund  mode  armed 

Autothrottle  run/clamp 

14 

Land  mode  engaged 

Autothrottle  disengage  lights 

15 

Auto  engaged  (MSP) 

Not  used 

16 

Palm  switch  (MAP  engage) 

Not  used 

17 

Autothrottle  disengage 

Not  used 

18 

Autothrottle  aft  limit 

Not  used 

19 

Not  used 

Not  used 

20 

Not  used 

Not  used 

21 

Not  used 

Not  used 

22 

Not  used 

Not  used 

23 

Not  used 

Not  used 

24 

Not  used 

Not  used  | 
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Page  310.  1 All!  I 7-5.  SIMM*  Receiver  Inputs 


Change 

Spare  to  “1C  1’  System” 

Page  3 1 0.  1 ABL1  7-5,  SI’BP  I ransmit ter  Outputs 
Change 

Spare  to  “Output  bus.  ICPand  MSP” 

Page  310.  I ABU  7-5,  Radio  Navigation  Receiver  Inputs 
Replace- 


Radio  Navigation  Receiver  Inputs: 


Pulse  pair  2 

568 

1 

40 

SCS  1 

Pulse  pair  1 

568 

1 

41 

SCS  2 

2 x 5 receiver  2 

1 

42 

SCS  3 

2x5  receiver  1 

1 

43 

SCS  4 

Nav  tune  2 

1 

64 

SCS  5 

Nav tune  1 

1 

65 

SCS  6 

Page  311,  TABLE  7-5.  Concluded,  Analog/Digital  Inputs,  fifth  and  sixth  items 


Change- 

Roll  to  “EPR  1/Roll ” 

Pitch  to  “EPR  2/Pitch” 

Page  31  2,  TABLE  7-6,  Rate  (updates/sec) 

Change- 

Under  Rate  (updates/sec)  chang.  the  figure  1 to  “4”  in  all  cases  (four  times) 
Insert  page  following  page  312  (312a) 

Insert  table  7-7 

Insert  page  following  page  314  (314a) 


Insert  figures  7-3  and  7-4 


r \ 


t 


I’li  yo  3 1 2a 
Insert 


I'ABLi:  7-7 . i AS  1 I OOP  AN  ALOG- 1 0-DIGI ! \L,  \NI)  Id’  INPUI  CONVI  KSIONS 


ADI  l)S  mode 

A(  d S mode 

Units 

Data  source 

1 iet|uency  ol 
conversion 

Data  source 

1 rei|uency  of 
conversion 

1 ocnli/er 

IX 

20/scc 

IX 

20  sec 

Deg/ 180 

. Glide  slope 

1)( 

20/sec 

IX 

20  sec 

Deg/ 180 

Vertical  ne  eclcration*' 

IX 

20/sec 

IX 

20  sec 

1 t sec- 

Altitude  line 

Synchro 

20  sec 

Sy  iiehro 

20/scc 

Deg  1 80 

Koll 

Sy  nclno 

10/sec 

HP 

20  see 

Deg/ 180 

Pitch 

Synch.ro 

10/sec 

HP 

20  sec 

Deg  / 1 80 

1 PR  1 

Syiic.hr  > 

10/;  ec 

PPR  units 

L PR  2 

Synchro 

10/sec 

PPR  units 

PD  pitch  cominand 

HP 

20/sec 

Deg / 1 80 

FI)  roll  command 

HP 

20/scc 

Deg/ 180 

Radar  altitude 

1(  P 

20/sec 

Feet 

True  airspeed*1 

Synchro 

3-1  /3/sec 

Synchro 

3-1/3  /see 

Knots 

Synchro 

3-1  /3/sec 

Synchro 

3- 1 ,/3/scc 

Magnetic  heading 

Synchro 

3-1  3 /sec 

Synchro 

3-1  /3/sec 

Deg / 1 80 

Altitude  coarse 

Synchro 

3-1  /3  /sec 

Synchro 

3-1/3/sec 

Knots 

Calibrated  airspeed 

Synchro 

3-1/3  /see 

Sy  ncliro 

3-1/3 /sec 

Knots 

VOR 

Sy  ncliro 

3-1/3 /sec 

Synchro 

3-1 /.-/sec 

Deg  / 1 80 

alt  radar  altitude  is  less  than  5 It.  vertical  acceleration  is  set  to  zero. 
^ Below  1 50  kt.  TAS  is  set  to  the  current  value  ol'  CAS. 


lllsCl!  p.lgC  M 41) 


Add 


S O ADVANCED  GUII)  \NCI  AND  CONTROL  S'*  S I I M 


H I GI-.NL KAL 

Throughout  t h i ->  document  in  m-  'eli i n.v,  .no  inn  J • lo  the  Advanced  « •uiiLi  io 
iiul  ( on l ml  Systom  ( \G<  Si  incdi  m4  i pan*.  I . i ml  i!i  outer  loop.  nonoiilK.il  flight 
inodos;  truck  angle  sclei  l hold,  Mightp  ilh  u pie  sclcci  It  old.  nidi  ud  ■ sclei  ! hold,  nidi 
on  led  .lirspeed  sold  I hold  .nid  ilk'  p.il  li  uimlis  lmri/unl  nl  p.iili , lei  Ik  ,il  p;i  Mi  and  1 1 n 
p;illi  1 his  section  desciihcs  the  .thou  in  Ini' I dct.iil  *>  <•  labl  S’  I lor  A(  iCS  l.ilvl 
definitions. 

S 2 Vf.CS  MODI  SI  LI  f 1 l*\NI  L N<  H INI!  Rl  \‘  I 


I Ik*  AC I(  S Modi  Select  Pane.  ( MSI')  interlaces  vitli  ilk  N(  II  n.i  mi  Sl'MI’  reo  ivi 
and  m AR1NC  575  tiiiiisinittcr.  I lie  MSI’  provides  I he  inlciface  between  the  pilot  mid 
the  ACiC’S  required  to  select  operating  modes  and  to  set  reference  parameters  lor  auto- 
matic llight  control  functions.  I he  N(  U detects  mode  button  pushes  and  knob  incre- 
ments incoming  on  the  ARINC  575  bus  and  performs  the  mode  logic  computation  to 
establish  the  mode  and  parameter  setting  selected  by  the  pilot,  The  NCU  also  sends 
the  lamp  status  corresponding  to  the  rnodc(s)  selected  lo  the  MSI’  via  the  SIMM*  bus 

H.3  LATERAL  AND  VERTICAL  NON(  RIT1CAL  I LIC.II  L MODI  STI  I RING 
SIGNALS 

The  NCU  performs  the  synchronization  and  error  signal  computations  of  each  ol 
the  inodes  in  the  lateral  and  vertical  axis,  then  selects  and  limits  the  error  signal  of  the 
selected  mode  and  scales  the  number  in  incremental  computer  (ICP)  machine  units  to 
be  sent  to  the  ICP  via  the  SPBP  bus  as  horizontal  path  command  (UPC)  and  vertical 
path  command  (VPC). 

8 4 AUTOTHROTTLE  CONTROL  LAW 

The  NCU  performs  the  computations  necessary  lo  drive  the  throttle  as  needed  to 
fly  Ibur-diinensional  path  profiles  or  to  Uy  the  indicated  airspeed  select/hold  mode 
Tlte  41)  mode  requires  V^jq,  M^q  limiting,  and  both  inodes  require  EPR  thrust 
limiting  (section  8.5).  The  autothrottle  control  law  yields  a delta  throttle  position  com- 
mand (APC),  which  is  transmitted  as  a D to  A signal  lo  the  autothrottle  servo. 

8.5  EPR  THRUST  LIMIT  CALCULATIONS 

The  autothrottle  is  thrust  command  limited  as  determined  by  the  following  EPR 
limit  calculations.  U e gain  of  the  throttle  command  is  reduced  as  it  approaches  tin 
appropriate  EPR  limit.  EPR  limits  are  computed  for  the  following  operating  conditions 
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I ) Maximum  continuous  thrust 
2 ) Maximum  climb  thrust 

.3)  Maximum  cruise  thrust 

Selection  of  the  appropriate  limit  and  an  hlecd  status  (ON  or  Oi  l ) is  done 
through  the  NCDU  SELECT  Page  3 (section  (>.5.5.3)  I'he  limits  are  com pu tal  as 
functions  ol  total  temperature,  pressure  altitude  and  static  pressure.  These  quantities 
are  computed  as  follows: 


rSH 

TTC 


and  where 


V| 

44.02  M 


M ^ 0.2 


= 5/l>  lSR  (I  t 0.2  M ■ I - 273 
= 20.02  (1.0  - 5.258  x + I 1.4  x-  - 12  10  xJ) 


where  x 


h 


145,449 


.6 


vr  = 

M - 

rSR  = 
TT  C = 
pS  = 

It  = 


true  airspeed  in  Ips 
Mach  number 
static  temperature  in  R 
total  temperature  in  C 
static  pressure  in  inches  11^, 
pressure  altitude 


Nomenclature  used  in  computing  the  LPA  algorithms  is: 

MCLPRL  Maximum  climb  pressure  l PR  limit 
MCLTL  Maximum  climb  temperature  EPR  limit 

MCLEPR  Maximum  climb  EPR  based  on  MCLPL  and  MCLT  L 
MCOPRL  Maximum  continuous  pressure  I PR  limit 

MCOTL  Maximum  continuous  temperature  EPR  limit 

MCOEPR  Maximum  continuous  EPR  based  on  MCOPRL  and  MCOTL 
MCRPRL  Maximum  cruise  pressure  EPR  limit 

MCRTL  Maximum  cruise  temperature  EPR  limit 

MCREPR  Maximum  cruise  EPR  based  on  MC  RPRL  and  MC  R 1 1 


8.5.1  Maximum  Climb  Thrust  EPR  Limit  Algorithm 


Airbleed  on 


MCLT  I - 


j | 94  _ ().00(>28  T j(-  for  h < 30.000  ft 
1 1 .04  - 0.00628  TT(.  - ,0.025  + 00030  Txc>  m h> 


0.000 


MCLPRL  3.514-0.0535  \\ 

MCLEPR  = lesser  of  MCLPRL  and  MC1TL 
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\ii bleed  nil 

M(  III.  = 1.97-OOOoS  r I ( 

MCLI’RL  - 3.589  - 0.05-1')  l\  • 

\|(’l  l.l’R  = lesser  of  M<  I I’RI  am!  MCI  I I 

8.5.2  Maximum  Continuous  Thrust  L.l’R  Limit  Algorithm 


Airbleed  on 
MCOLF’R 


lor  SI  < It  < 1 .500  ft  and  b > 20  000  It 
use  maximum  climb  curves  lor  all.  airbleed  on 

for  | 500  < It  20.000  It  use  the  following 


NROH. 
M(  Ol’Rl 


(2.05  -0.00545  I , ( for ’I  ,,  I7  5 t 
(2  08  - 0. 008.575  1 | ( I < »'  l|(  I N ( 

.5  50-0.05  1 7 l’s 


MOOLI’ K - lesser  of  NK  O l 1.  and  NU .'Ol’Rl 


Airbleed  off 
MCOEPR 


for  SI  < h < 1 .500  ft  and  It  > 20.000  ft.  use  maximum 

climb  curves,  all  It  airbleed  oil 

for  I 5.000  ft  It  < 20,000  ft,  use  the  following: 

(2.053  - 0.00538  I , { for  T rc  <17.5  C 
(2.1  I - 100853  I 1(  for  l TC  > I 7.5"  (' 

MCOI’RL  use  maximum  climb  curves,  all  It  airbleed  oil 

V M(  Ol  I’R  = lesser  of  NK  0 1 1 and  MCOI’RL 


MC  OIL 


8.5.3  Maximum  Cruise  Thrust  I'l’R  Limit  Algorithm 


Airbleed  on 

for  It  < 10.000  ft  use  maximum  climb  curves,  airbleed  on 
(1.8508-0. 00501  I K for  1 [C<  -20  ( 


MCKEPK 


1 .M  25  - 0.008 125  1 1 c for  -20  ( < 
1.704  -0.0057 1 lir  for  20  C<  T, 


1 


It 


20 


Airbleed  oil 

(1.89  - 0.000  I , c for  L , ( < - 20°  C 
MCRTL  =\L855- 0.00775  TTC- for -20'  C<T-)r<20  ( 
(l  .843  --  0.00714  Tt(-  for  20  t < T-jr 

MCRPRL  use  maximum  climb  curves,  airbleed  olf 

MCRL  I’R  = lesser  of  MCR  1 1 and  MCRPRL 


r,W 


. .....  ■ 
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TABU  8-1  ACX  S LABEL  DEFINITION 


Label 


Dellnition 


IK  STL 

1 PASEL 

ALTSEL 

1 ASSL  L 

PSTTKA 

PST  I PA 

PS  I ALT 

PS  1 1 AS 

Ik  A SUM 

I PASUM 

ALTSUM 

IASSDM 

IIORARM 

IIORPTH 

VHRARM 

VtRPTH 

TIM  PTH 

ATENG 

CLAMP 

AUTO 

ATDC 

A FT  LI  M 

PI  ASSL 

IASOFF 

IT  1 MPT 

TIMOFF 

RTKNOB 

RFKNOB 

RAKNOB 

RCkNOB 

DlkSLL 

DTPS EL 

DALSLL 

Dl  ASEL 

D2I) 

D3D 

D4D 

TKRF 

I PARE 

ALTRI 

IASRF 

AL1  RF 


I rack  seleet/hold  mode  discrete 

1 PA  select/hold  mode  discrete 

Altitude  seleet/hold  mode  discrete 

IAS  seleet/hold  mode  discrete 

Track  select  mode  preselect  state 

I PA  select  mode  preselect  state 

Altitude  select  inode  preselect  state 

IAS  select  mode  preselect  state 

Track  select  mode  knob  1 cell 

FPA  select  mode  knob  1 cell 

Altitude  select  mode  knob  1 cell 

IAS  select  mode  knob  1 cell 

Horizontal  path  mode  armed  state 

Horizontal  path  mode  engaged  state 

Vertical  path  mode  armed  state 

Vertical  path  mode  engaged  state 

Time  path  mode  engaged  state 

Autothrottle  engaged  state 

Autothrottle  run/clamp  signal 

Noncritical  mode  engaged  state 

Autotluottle  disengaged  discrete 

Throttle  aft  limit  discrete 

IASSEL  state  last  iteration 

I ASSET  ON  to  OFF  discrete 

TIMPTII  state  last  iteration 

TIM P1H  ON  to  Oi  l discrete 

Track  select  mode  knob  increment  discrete 

FPA  select  mode  knob  increment  discrete 

Altitude  select  mode  knob  increment  discrete 

IAS  select  mode  knob  increment  discrete 

Track  select  button  depressed,  momentary 

FPA  select  button  depressed,  momentary 

Altitude  select  button  depressed,  momentary 

IAS  select  button  depressed,  momentary 

Horizontal  path  button  depressed,  momentary 

Vertical  path  button  depressed,  momentary 

Time  path  button  depressed,  momentary 

Track  select  synchronization  reference  value 

FPA  select  synchronization  reference  value 

Altitude  select  synchronization  reference  value 

IAS  select  synchronization  reference  value 

Q-flare  synchronization  reference  value 


t 
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TABLE  8-1 . Concluded 


t 


Label 


Definition 


ALFWYN  Synthesized  a lor  noneritical  flight  modes 
KALI  A a-gain  as  f (ALFSYN) 

SQUAT  Radar  altitude  < 0 tt  discrete 

FL  R30  Radar  altitude  30  ft  discrete 

LAN  DA  Land  mode  armed  discrete 

LAND  Land  mode  engaged  discrete 

SAV11LR  /llHR/last  iteration  (VLRP 1 H logic) 

VERSIN  Autothrottle  versine  compensation  signal 

DLLCAS  Airspeed  error  signal 

DELLPR  Selected  LPR  limit  minus  LPR 

APCPRM  Autothrottle  rate  command 

LPR  1 Engine  1 EPR 

LPR  2 Engine  2 EPR 

^PC  Autothrottle  delta  throttle  command 

I [PC  Horizontal  path  command 

VPC  Vertical  path  command 


appendix  b 


OPERATION  EVALUATION  TEST  DATA 


This  appendix  provides  a summary  of  all  crosstrack  error  (XTKB)  al  .tude  error 
IHTR1  and  time  error  (PTE)  data  lor  the  AM  DS  operational  evaluation  (lights  The  data 
l" ^nted  with  respect  to  the  end  waypoint  of  each  fliph.path  leg,  and  the  related 
guidance  option  being  used  is  identified.  An  X tndiea.es  that  High,  test  data  were  no.  valtd 
for  the  specified  flight  conditions. 
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JUO  PAGS  BUMU NOT  FIIWED 


GUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1o 

Test 

flight 

No 

VDO 

.-I 

BR14L 

X 

X 

X 

X 

6 11 

PPC 

X 

X 

X 

X 

6-11 

VDO 

X 

X 

X 

X 

PPS 

i 

X 

X 

X 

X 

um 

VDO 

JHA 

X 

X 

X 

X 

Efl 

VDO 

— 

AGL30 

764 

-328 

191 

334 

6-11 

PPC 

^ ' ' til 

236 

8 

103 

57 

6 11 

VDO 

704 

60  . 

440 

226 

PPS 

456 

156 

326 

86 

mm 

VDO 

JHA 

168 

-168 

66 

76 

KB 

VDO 

TANGO 

5440 

-720 

1234 

6-11 

PPC 

344 

-2900 

-1021 

6 11 

VDO 

2260 

-312 

1259 

963 

6-17 

PPS 

368 

-252 

45 

174 

6-17 

VDO 

JHA 

2216 

-4000 

-861 

1777 

6-18 

VDO 

L014L 

-172 

-204 

-188 

8 

6-11 

PPC 

1 i/ 

504 

388 

445 

34 

6-11 

VDO 

-1661 

-284 

-215 

28 

mm 

PPS 

I '^dSS 

536 

0 

290 

251 

BIB 

VDO 

JHA 

-120 

-244 

-166 

25 

mm 

VDO 

MWH 

884 

-304 

396 

415 

6-11 

PPC 

108 

-44 

51 

38 

6-11 

VDO 

1 ; 

640 

-300 

1 

284 

PPS 

176 

-116 

56 

87 

Kyis 

VDO 

JHA 

136 

-216 

-72 

102 

KB 

VDO 

AGL15 

-180 

-392 

-294 

71 

6-11 

PPC 

220 

457 

99 

6-11 

VDO 

lofli 

-260 

-33 

183 

msm 

PPS 

774 

456 

625 

79 

VDO 

JHA 

-140 

-392 

-304 

67 

IB 

VDO 

WARDN 

5208 

-244 

2063 

1399 

6-11 

PPC 

2220 

-900 

564 

853 

6-11 

VDO 

b a 

2260 

2260 

2260 

34 

SB 

PPS 

1 s 

-224 

-3328 

-1532 

1076 

By 

VDO 

JHA 

2856 

-1924 

-159 

1566 

m 

GUID 

option 


VDO 

PPC 

VDO 

PPS 

VDO 


VDO 

PPC 

VDO 

PPS 

VDO 


VDO 

PPC 

VDO 

PPS 

VDO 


VDO 

PPC 

VDO 

PPS 

VDO 


VDO 

PPC 

VDO 

PPS 

VDO 


VDO 

PPC 

VDO 

PPS 

VDO 


VDO 

PPC 

VDO 

PPS 

VDO 


Pilot 

JVa'  point 

Maximum 

Minimum 

Average 

1o 

crai 

JMS 

BR14L 

X 

X 

X 

X 

6 11 

JMS 

0 

-95 

0.19 

4.2 

6 11 

IBD 

X 

X 

X 

X 

6 17 

IBD 

X 

X 

X 

X 

6 17 

JHA 

X 

X 

X 

X 

6 18 

JMS 

AGL30 

-12 

-14 

-13 

0.56 

6 11 

JMS 

-7 

-11 

-8.5 

1 2 

6 11 

IBD 

X 

X 

X 

X 

6 17 

IBD 

-37 

-40 

-39 

1.06 

6 17 

JHA 

-3 

-4 

-3.7 

0.4 

6-18 

JMS 

TANGO 

20 

-3 

15 

6 11 

JMS 

15 

6 

5.4 

6 11 

IBD 

X 

X 

X 

X 

6 17 

IBD 

0 

-9 

-3.5 

32 

6 17 

JHA 

-3 

-8 

-6.3 

1.6 

6-18 

JMS 

L014L 

-13 

-24 

-18 

3 

6 11 

JMS 

-15 

-93 

-36.6 

20 

6 11 

IBD 

X 

X 

X 

X 

6 17 

IBD 

0 

-36 

-19.7 

17.1 

6-17 

JHA 

5 

-1 

1.16 

1 38 

6 18 

JMS 

MWH 

-2 

-12 

-8 

3.0 

6-11 

JMS 

0 

-7 

-3.4 

2 

6 11 

IBD 

X 

X 

X 

X 

6-17 

IBD 

-32 

-37 

-34.5 

1.36 

6-17 

JHA 

4 

-3 

0.31 

2.3 

6-18 

JMS 

AGL15 

-13 

-14 

-14 

0.2 

6 11 

JMS 

-11 

-15 

-13 

1.3 

6 11 

IBD 

X 

X 

X 

X 

6 17 

IBD 

-32 

-39 

-35.9 

2.1 

6-17 

JHA 

-1 

-4 

2.4 

0.85 

6 18 

JMS 

WARDN 

19 

-2 

7 

5.0 

6-11 

JMS 

15 

9 

5 

6 11 

IBD 

X 

X 

X 

X 

EH 

IBD 

-9 

-17 

-12.9 

2.6 

KSfl 

JHA 

7 

-4 

3 

3.75 

m 

Maximunr 


GUID 

option 


Pilot 


Waypoint 


CD 
Auto 
/+ W 
/+W 
PPC 
FD 
Auto 
Auto 
Auto 
V+W 
PPS 
PPS 
VDO 


RLM 

RLM 

RLM 

RLM 

JHA 


JMS 

IBD 

JHA 

JHA 


MWH 


208 

248 

2956 

1792 

3744 

308 

4712 

68 

-92 

2012 

388 

488 

1512 


FD 

Auto 

V+W 

V+W 

PPC 

FD 

Auto 

Auto 

Auto 

V+W 

PPS 

PPS 

VDO 


RLM 

RLM 

RLM 

RLM 

JHA 


JMS 

IBD 

JHA 

JHA 


PELIN 


-20 

-656 

-340 

-128 

68 

236 

4712 

-396 

-236 

124 

144 

316 

608 


FD 

Auto 

V+W 

V+W 

PPC 

FD 

Auto 

Auto 


RLM 

RLM 

RLM 

RLM 

JHA 


TD32R 


-12 

-656 

-412 

0 

192 

4712 


Auto 


V+W 

PPS 

PPS 

VDO 


JMS 

IBD 

JHA 

JHA 


-432 

152 

l44 

116 

644 


Minimu  n 

Average 

1c; 

Test 

flight 

No. 

-308 

23 

97 

5-6 

-768 

51 

170 

6-1 

-648 

1143 

1234 

6 1 

-600 

583 

631 

6 5 

-132 

584 

1076 

6-5 

-640 

-14 

178 

6-6 

-360 

20 

881 

6-9 

-528 

-48 

118 

6 11 

-580 

-259 

154 

6 14 

-2360 

230 

1200 

6 15 

-268 

80 

183 

6-17 

-220 

238 

167 

6-18 

-1904 

763 

935 

6-18 

-140 

-70 

41 

5-6 

-788 

-748 

32 

6-1 

-528 

-476 

47 

6-1 

-588 

-401 

140 

6-5 

-120 

5.8 

40 

6-5 

-32 

158 

85 

6-6 

4712 

4712 

14 

6-9 

-568 

-507 

48 

6-11 

-548 

-407 

94 

6-14 

-412 

-180 

176 

6-15 

-220 

-54 

94 

6 17 

72 

230 

69 

6-18 

88 

283 

153 

6-18 

-440 

163 

138 

5-6 

-1048 

-868 

109 

6-1 

-1488 

1240 

370 

6-1 

-648 

-353 

212 

6-5 

6-5 

-460 

-68 

158 

6 6 

4712 

4712 

0 

6-9 

6-11 

-568 

-529 

38 

6-14 

-360 

11 

155 

6 18 

-40 

62 

52 

6-17 

-52 

15 

44 

6 18 

-648 

20 

477 

6 18 

GUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1o 

Test 

flight 

No 

Auto 

i%£i 

8R32R 

0 

0 

0 

0 

6 14 

VDO 

JMS 

X 

X 

X 

mm 

6-15 

PPS 

I8D 

X 

X 

X 

E9 

6 17 

VDO 

JHA 

0 

0 

0 

0 

6 18 

PPC 

I8D 

X 

X 

X 

X 

6-21 

Auto 

■ 

L032R 

X 

X 

X 

6-14 

VDO 

-38 

-57 

11 

6-15 

PPS 

m 

-54 

-82 

17 

6-17 

VDO 

19 

5 

* ra 

1.9 

1.4 

6-18 

PPC 

I8D 

-23 

Wm 

-33 

7 

6-21 

Auto 

TH14L 

-1153 

-1235 

-1193 

24 

6-14 

VDO 

JMS 

-36 

-38 

1 

CJ 

0.75 

6-15 

PPS 

I8D 

-54 

-55 

-55 

0.47 

6-17 

VDO 

JHA 

2 

1.3 

1.3 

0.46 

6-18 

PPC 

IBD 

-23 

-25 

-25 

0.59 

6-21 

Auto 

■ 

OLSON 

-1064 

-1150 

-1108 

25 

6-14 

VDO 

-18 

-18 

-18 

0 

6-15 

PPS 

-55 

-55 

-55 

0 

6-17 

VDO 

19 

24 

4 

15 

6.4 

6-18 

PPC 

IBD 

-5 

-24 

-15 

6.3 

6 21 

Auto 

■ 

TUM8D 

-862 

-1066 

-959 

58 

6-14 

VDO 

m 

-6 

-11 

-8.7 

1.4 

6-15 

PPS 

H 

-55 

-55 

-55 

0 

6-17 

VDO 

is 

9 

0 

2.2 

2.8 

6 18 

PPC 

I8D 

0 

-7 

-1.5 

2.1 

6-21 

CROSSTRACK  ERROR  SUMMARY 
SID/STAR-MAE14L 


GUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

la 

Test 

flight 

No 

V+W 

RLM 

BR14L 

X 

X 

EH 

EB 

6 5 

PPC 

RLM 

X 

X 

6-5 

PPS 

JHA 

X 

X 

Em 

El 

6-18 

V+W 

RLM 

MAEVY 

1 

-696 

-89 

IB 

6-5 

PPC 

RLM 

-I860 

-227 

6-5 

PPS 

JHA 

1604 

-608 

-57 

6 18 

V+W 

RLM 

L014L 

260 

168 

207 

23 

65 

PPC 

RLM 

276 

236 

262 

7.8 

6-5 

PPS 

JHA 

2292 

0 

1219 

1127 

6-18 

V+W 

RLM 

POTHS 

356 

-720 

101 

240 

6-5 

PPC 

RLM 

276 

-1904 

-65 

526 

6-5 

PPS 

JHA 

576 

-220 

225 

132 

6-18 

V+W 

RLM 

BR32R 

56 

155 

53 

6-5 

PPC 

RLM 

68 

164 

52 

6-5 

PPS 

JHA 

1 

1592 

2083 

201 

6 18 

V+W 

RLM 

COLUA 

X 

X 

X 

X 

6-5 

PPC 

RLM 

328 

-32 

158 

87 

6-5 

PPS 

JHA 

212 

-3424 

473 

6-18 

176 


ALT!  rUDE  ERROR  SUMMA R Y 
SID/STAR-MAE14L 


| GUID 
option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1o 

Test 

flight 

No 

V+W 

RLM 

BR14L 

X 

X 

X 

X 

6 5 

PPC 

RLM 

X 

X 

X 

X 

6 5 

PPS 

JHA 

X 

X 

X 

X 

6 18 

V+W 

RLM 

MAEVY 

48 

-236 

-71 

86 

6 5 

nnp 

RLM 

116 

-176 

22 

88 

6 5 

p+a 

JHA 

188 

-144 

72 

75 

6-18 

V+W 

RLM 

L014L 

-72 

-192 

-89 

31 

6 5 

PPC 

RLM 

-64 

-276 

-116 

66 

6 5 

PPS 

JHA 

0 

-84 

-23 

23 

6-18 

V+W 

RLM 

POTHS 

80 

-48 

14 

28 

6-5 

PPC 

RLM 

264 

-44 

56 

56 

6-5 

PPS 

JHA 



200 

-84 

78 

79 

6-18 

1 

BR32R 

-128 

-192 

-171 

20 

6-5 

■ ’.-.'ll; 

-144 

-284 

-230 

44 

6-5 

JHA 

-36 

-136 

-85 

36 

6-18 

V+W 

RLM 

COLUA 

X 

X 

X 

X 

6-5 

PPC 

RLM 

216 

48 

84 

34 

6-5 

PPS 

JHA 

92 

-64 

19 

48 

6 18 

ALTITUDE  ERROR  SUMMARY 
SID/STAR-P0W32R 


GUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1o 

Test 

flight 

No. 

FD 

RLM 

BR32R 

X 

X 

X 

X 

5-6 

V+W 

RLM 

X 

X 

X 

X 

6 1 

Auto 

X 

X 

X 

X 

6-1 

FD 

X 

X 

X 

X 

6 3 

VDO 

EB 

X 

X 

X 

X 

6-6 

PPS 

rm 

X 

X 

X 

X 

6-6 

PPG 

JMS 

X 

X 

X 

X 

6-6 

FD 

JHA 

0 

0 

0 

0 

6 6 

V+W 

JHA 

X 

X 

X 

X 

6-6 

FD 

mu 

L032R 

X 

X 

X 

X 

5-6 

V+W 

HI 

0 

-72 

-0.74 

82 

6-1 

Auto 

■ 

X 

X 

X 

X 

6-1 

FD 

-40 

-720 

-276 

213 

6-3 

VDO 

Him 

X 

X 

X 

X 

6-6 

PPS 

X 

X 

X 

X 

6-6 

PPC 

JMS 

X 

X 

X 

X 

6-6 

FD 

JHA 

-44 

-92 

-52 

7.6 

6-6 

V+W 

JHA 

0 

-56 

-10 

21 

6-6 

FD 

RLM 

BR14L 

-32 

-60 

-42 

9.2 

5-6 

V+W 

RLM 

256 

-68 

129 

107 

6-1 

Auto 

X 

X 

X 

X 

6-1 

FD 

wrm 

-46'J 

-720 

-586 

84 

6-3 

VDO 

cl 

336 

-32 

184 

131 

6-6 

PPS 

19 

232 

-4 

176 

75 

6-6 

PPC 

JMS 

-800 

-816 

-806 

4.7 

6-6 

FD 

JHA 

24 

-92 

-22 

37 

6-6 

V+W 

JHA 

228 

-52 

132 

96 

6 6 

FD 

RLM 

POWER 

152 

-96 

1.8 

81 

5-6 

V+W 

RLM 

188 

16 

90 

36 

6-1 

Auto 

256 

-16 

20.5 

56.5 

6-1 

FD 

ES 

-192 

-460 

-265 

64 

6-3 

VDO 

in 

308 

-200 

69 

139 

6-6 

PPS 

Hi 

188 

36 

101 

42 

6-6 

PPC 

JMS 

-348 

-828 

-577 

150 

5-6 

FD 

JHA 

48 

-296 

-133 

118 

6 6 

V+W 

JHA 

192 

i -196 

11 

87 

6-6 

GUID 

option 

Pilot 

FD 

RLM 

V+W 

RLM 

Au  to 

FD 

IBD 

VDO 

PPS 

P?C 

FD 

Average 

lo 

Test 

flight 

No. 

0 

0 

5-6 

-2  7 

2.1 

6-1 

-9.16 

3.03 

6-1 

X 

X 

6-3 

x 

X 

66 

-29 

3.4 

6-6 

-53 

4 

6-6 

X 

X 

6-6 

TIME  ERROR  SUMMARY 
SID/STAR-SUM13R 


GUID 

“ 

Test 

Pilot 

flight 

option 

Waypoint 

Maximum 

Minimum 

Average 

1o 

No. 

FD 

BR13R 

X 

X 

X 

KB 

6-9 

PPS 

X 

X 

X 

rf 

6-1 1 

PPC 

X 

X 

X 

X 

6 18 

FD 

AGL30 

mm 

-20 

-17 

6-9 

PPS 



-20 

-20 

6-11  : 

PPC 

-ii 

-13 

-12 

K . . 

6-18 

FD 

L013R 

0 

-6 

-0.94 

1.8 

6 9 

PPS 

JMS 

0 

-52 

-15 

17 

6-11 

PPC 

0 

-6 

-1.9 

Bl 

6 18 

FD 

PANTR 

If 

-21 

mm 

m 

6-9 

PPS 

-19 

mm 

m 

6-11 

PPC 

ESI 

m 

-12 

-10 

1.7 

6-18 

FD 

pa 

AG  LI  5 

-6 

-13 

-9 

2 

6-9 

PPS 

ESI 

-4 

-27 

-19 

3.4 

6-11 

PPC 

ESI 

-4 

-10,890 

-40 

589 

6 18 

FD 

as 

SUMNR 

2 

-8 

-2.8 

2.5 

6-9 

PPS 

ESB 

1 

-12 

-5.6 

3.4 

6-11 

PPC 

0 

-7 

-2.3 

2.3 

6-18 

193 


1 

GUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

lo 

Test 

flight 

No 

VDO 

EPH 

656 

16 

253 

229 

6-5 

PPS 

196 

-456 

-121 

188 

6-5 

fd 

328 

-4 

133 

84 

6-5 

FD 

352 

-112 

48 

95 

6 6 

Auto 

X 

X 

X 

X 

6-6 

Auto 

6152 

-11,608 

766 

2382 

6-9 

VtW 

JMS 

X 

X 

X 

X 

6-11 

PPS 

JHA 

228 

-136 

55 

74 

6 17 

v+w 

JHA 

476 

-340 

-92 

193 

6 21 

VDO 

RLM 

DOUGS 

3324 

-1,704 

1244 

1274 

6-5 

PPS 

RLM 

2788 

-316 

524 

781 

6-5 

FD 

JMS 

X 

X 

X 

X 

6-5 

FD 

JHA 

5156 

-40 

1050 

1415 

6-6 

Auto 

X 

X 

X 

X 

6-6 

Auto 

♦ 

-668 

-1,312 

-899 

183 

6 9 

V+W 

JMS  / 

760 

196 

542 

168 

6 11 

PPS 

JHA 

1304 

-1,560 

192 

435 

6 17 

V+W 

JHA 

7996 

-68 

3446 

2803 

6 21 

GUID 


option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1 0 

FD 

RLM 

BR32R 

0 

0 

0 

0 

V+W 

FILM 

X 

X 

X 

X 

PPG 

RLM 

236 

0 

0.97 

15.1 

FD 

IBD 

0 

0 

0 

0 

FD 

JMS 

X 

X 

X 

X 

V+W 

JMS 

0 

0 

0 

0 

VDO 

JMS 

X 

X 

X 

X 

PPC 

IBD 

X 

X 

X 

X 

v+w 

JHA 

X 

X 

X 

X 

PPC 

JHA 

X 

X 

X 

X 

FD 

RLM 

L032R 

476 

448 

461 

7.5 

V+W 

RLM 

X 

X 

X 

X 

PPC 

RLM 

276 

22? 

253 

14 

FD 

-4532 

-5P20 

-5743 

320 

FD 

0 

-320 

-0.19 

7.7 

V+W 

696 

f 36 

668 

17 

VDO 

276 

0 

218 

97 

PPC 

E 

X 

X 

X 

X 

V+W 

16 

8 

11 

3.8 

PPC 

JHA 

X 

X 

X 

X 

FD 

RLM 

CRACK 

536 

-32 

204 

223 

V+W 

RLM 

1104 

108 

786 

330 

PPC 

RLM 

268 

48 

122 

75.6 

FD 

IBD 

36 

-4504 

-992 

1346 

FD 

JMS 

60 

-352 

-105 

159 

V+W 

JMS 

844 

524 

693 

106 

VDO 

JMS 

2460 

276 

961 

656 

PPC 

IBD 

1104 

-1516 

404 

822 

V+W 

JHA 

896 

-12 

400 

327 

PPC 

JHA 

356 

176 

246 

51 

FD 

RLM 

LEVEE 

112 

-260 

-153 

84 

V+W 

RLM 

132 

-1792 

-958 

601 

PPC 

RLM 

80 

-268 

158 

70.8 

FD 

IBD 

380 

-1644 

-169 

480 

FD 

JMS 

72 

-168 

-78 

52 

V+W 

JMS 

560 

-2152 

-877 

620 

VDO 

JMS 

168 

-188 

-55 

107 

PPC 

IBD 

7344 

-3240 

, -609 

2846 

V+W 

JHA 

208 

-5388 

-2109 

1555 

PPC 

JHA 

188 

-1124 

-519 

418 

Time 

flight 

No 


5- 6 
6 1 
6 1 
6 3 

6- 6 
6 15 
6-15 
6-21 
6 21 
6 21 


5 6 
6-1 

6 1 
6-3 
6-6 
6-15 
6 15 
6-21 
6 21 
6-21 


5- 6 

6- 1 
6-1 
6 3 
6-6 
6-15 
6 15 
6-21 
6-21 
6-21 


5 6 
6-1 
6-1 
6-3 
6-6 

6 15 
6-10 
6-21 
6 21 
6 21 


2' 


Average 

lo 

Test 

light 

No 

8.9 

6.8 

5-6 

-8.5 

1.4 

6-1 

8.23 

10.46 

6 1 

-5.3 

3.1 

6-3 

X 

X 

6-6 

-18 

2.5 

6-15 

-35 

0.58 

6-15 

X 

X 

6 21 

-24 

168 

6-21 

-10 

2 

621 

-2.4 

0.54 

5 6 

-3.3 

1.6 

6-1 

-3.03 

3.11 

6-1 

1 

1.9 

6-3 

X 

X 

6-6 

-21 

1.5 

6-15 

X 

X 

6-15 

X 

X 

6 21 

-6.4 

3.4 

621 

-3.4 

1.8 

6-21 

GUID 

option 

VDO 

PPC 

FD 

VDO 

PPC 

FD 

VDO 

PPC 

FD 

VDO 

PPC 

FD 

VDO 

PPC 

FD 


CROSSTRACK  ERROR  SUMMARY 
SID/STAR-BUR  13R 
(Concluded) 


QUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1o 

Test 

flight 

No 

Auto 

BURIN 

-152 

-2,332 

-1,032 

686 

5-6 

Au'u 

8 

-2,312 

-1,018 

755 

6 1 

VDO 

RLM 

1,212 

-4,046 

-1,380 

2,025 

6 2 

Auto 

7G4 

-1,992 

-731 

735 

6 3 

FD 

IBD 

168 

-1,912 

-576 

581 

6-4 

Auto 

-32 

-65 

-51 

9.9 

6-5 

Auto 

-240 

-3,516 

-657 

724 

6 6 

Auto 

100 

-1,196 

-408 

476 

6 7 

Auto 

1,484 

-2,024 

-491 

. 393 

6 7 

Auto 

356 

-3,208 

-1,034 

1,075 

6 8 

Auto 

80 

-2,192 

-792 

696 

6 10 

Auto 

100 

-1,864 

-725 

568 

6 12 

PPS 

JMS 

904 

-1,796 

-298 

858 

6 13 

Auto 

984 

-1,912 

-596 

775 

6-14 

PPC 

JMS 

20 

-1,884 

-755 

577 

6-15 

Auto 

-92 

-9/6 

-367 

211 

6-16 

Auto 

-232 

-2,164 

-1,207 

552 

6 17 

Auto 

-72 

-200 

-148 

27 

6 19 

Auto 

-260 

-320 

-291 

12 

6-19 

Auto 

-260 

-4,584 

-2,802 

1,608 

6-20 

PPS 

IBD 

-168 

-688 

-3? 

158 

6 21 

PPS 

JHA 

0 

-560 

-279 

135 

6 23 

Auto 

SOUND 

-292 

-1,028 

-571 

185 

56 

Auto 

16 

-812 

-137 

133 

6 1 

VDO 

RLM 

1,172 

-1,952 

350 

785 

6-2 

Auto 

108 

-832 

-201 

219 

6-3 

FD 

IBD 

2,496 

-252 

155 

489 

6-4 

Auto 

-57 

-63 

61 

1.8 

6-5 

Auto 

-2,980 

-4.624 

-4,042 

482 

6-6 

Auto 

148 

-232 

-16 

88 

6 7 

Auto 

128 

-480 

-70 

147 

6 7 

Auto 

28 

-252 

-66 

52 

68 

Auto 

188 

-100 

7.5 

83 

6 10 

Auto 

1,772 

8 

1,163 

449 

6-12 

PPS 

JMS 

3,332 

-132 

1,599 

1,071 

6 13 

Auto 

116 

-92 

-16 

52 

6-14 

PPC 

JMS 

416 

-156 

219 

151 

6 15 

Auto 

36 

-208 

-60 

65 

6 16 

Auto 

148 

-728 

-34 

195 

6 17 

Auto 

-340 

-420 

-381 

13 

6 19 

Auto 

16 

-668 

-427 

228 

6 19 

Auto 

60 

-1,184 

-479 

375 

6-20 

PPS 

IBD 

1,024 

-116 

535 

363 

6-21 

PPS 

JHA 

580 

-88 

154 

160 

6-23 

j 


CROSSTRACK  ERROR  SUMMARY 
SID/STAR-C0N32R 


GUID 

option  Pilot  Waypoint 


FD  RLM  CONNL 
V+W  RLM 
PPC  RLM 
FD  JMS 
V+W  JMS 
PPC  JMS 
PPC  JHA 
PPC  I8D 
V+W  JHA 
FD  JHA 


FD  R 
V+W  R 


WARDN 


PPC  JHA 
PPC  I8D 
V+W  JHA 
FD  JHA 


FD  RLM  PELIIM 

V+W  RLM 

PPC  RLM 

FD  JMS 

V+W  JMS 

PPC  JMS 

PPC  JHA 

PPC  I8D 

V+W  JHA 

FD  JHA 


FD  RLM  MN32R 
V+W  RLM 
PPC  RLM 
FD  JMS 
V+W  JMS 
PPC  JMS 
PPC  JHA 
PPC  IBD 
V+W  JHA 


616 

1,456 

72 

17,164 

708 

X 

112 

X 

160 

220 


316 

1.436 

936 

17,176 

148 

388 

368 

X 

308 

644 


-172 

1,168 

-324 

516 

-1,552 

X 

-48 

X 

-5,116 

-444 


-952 

-868 

-280 

2,364 

-5,100 

-80 

-8 

X 

-1,620 

-368 


Average 

la 

Test 

flight 

No. 

323 

222 

5-6 

1,359 

84 

6-1 

-76.5 

109.4 

6-1 

4,012 

4,984 

6-6 

-277 

673 

6-15 

X 

X 

6-15 

37 

46 

6-18 

X 

X 

6-21 

-1,557 

1,587 

6-21 

-187 

247 

6-21 

-161 

327 

5-6 

330 

563 

G-1 

224 

261 

6-1 

8,703 

4,649 

6-6 

-1,932 

1,812 

6-15 

146 

98 

6-15 

215 

91 

6-18 

X 

X 

6-21 

-224 

570 

6-21 

266 

280 

6-21 

146 

502 

166.7 

-55 

434 

225 

155 

68 

365 

X 


GUID 

option 


FD 

V+W 

PPC 

FD 

V+W 

PPC 

PPC 

PPC 

V+W 

FD 


FD 

V+W 

PPC 

FD 

V+W 

PPC 

PPC 

PPC 

V+W 

FD 


Pilot 


RLM 

RLM 

RLM 

JMS 

JMS 

JMS 

JHA 

IBD 

JHA 

JHA 


RLM 

RLM 

RLM 

JMS 

JMS 

JMS 

JHA 

IBD 

JHA 

JHA 


Waypoint 


CONNL 


WARDN 


Maximum 


152 

-204 

544 

44 

240 

X 

288 

X 

340 

296 


FD 

RLM 

PELIN 

144 

V+W 

RLM 

164 

PPC 

RLM 

132 

FD 

JMS 

52 

V+W 

JMS 

-16 

PPC 

JMS 

16 

PPC 

JHA 

60 

PPC 

IBD 

32 

V+W 

JHA 

32 

FD 

JHA 

X 

FD 

RLM 

MM32R 

144 

V+W 

RLM 

64 

PPC 

RLM 

-32 

FD 

JMS 

V+W 

JMS 

PPC 

JMS 

PPC 

JHA 

PPC 

IBD 

V+W 

JHA 

FD 

JHA 

456 

92 

380 

24 

240 

204 

288 

X 

340 

300 


Minimum 


-28 

-288 

380 

-588 

52 

X 

124 

X 

-176 

-80 


-28 

-228 

32 

-544 

-40 

12 

-68 

X 

-24 

-192 


X 

-128 

-180 

-88 

100 

-4 

-32 

-60 

-64 

X 


-192 

-84 

-164 

X 

-124 

-52 

-288 

-68 

-84 

X 


Average 


42 

-253 

441 

-97 

135 

X 

219 

X 

6.7 

63 


189 

7.3 

143 

-228 

23 

69 

35 

X 

81 

-9.8 


X 

54 

-43.4 

-9.9 

-52 

5.1 

18 

-10 

-9.5 

X 


-25 

-5 

-122.5 

X 

-81 

-4.7 

-156 

8.1 

-35 

X 


1o 

54 

5 6 

24 

6-1 

43.6 

6-1 

170 

6-15 

60 

6-15 

X 

6-15 

44 

6-18 

X 

6 21 

131 

6-21 

128 

6-21 

129 

5-6 

76 

6-1 

73.1 

6-1 

108 

6-15 

57 

G-15 

39 

6-15 

74 

6-18 

X 

6-21 

86 

6-21 

82 

6-21 

X 

5-6 

71 

6-1 

79.1 

6-1 

26 

6-15 

22 

6-15 

6.5 

6-15 

14 

6-18 

24 

6-21 

23 

6-21 

X 

6-21 

126 

5-6 

43 

6-1 

34.9 

6-1 

X 

6-15 

22 

6-15 

22 

6-15 

74 

6-18 

33 

6-21 

24 

6-21 

X 

6-21 

v+w 

JHA 

1 

FD 

RLM 

MM32R 

6 

V+W 

RLM 

7 

RPC 

RLM 

16 

FD 

X 

V+W 

0 

PPG 

JMS 

-2 

PPC 

JHA 

0 

PPC 

IBD 

1 

V+W 

JHA 

0 

i 


CROSSTRACK  ERROR  SUMMARY 
SID /ST A R-MOU 16 


GUID 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

1 o 

Test 

flight 

No. 

mm 

RLM 

MOUVN 

1,480 

-548 

317 

639 

6 2 

JRG 

X 

X 

X 

X 

6 12 

KM 

JRG 

X 

X 

X 

X 

6 12 

PPS 

JHA 

176 

-68 

30 

58 

6-17 

PPC 

JHA 

516 

220 

349 

75 

6-17 

wm 

RLM 

TDZ16 

7,736 

0 

5,987 

2,246 

6-2 

131 

JRG 

816 

0 

204 

216 

6-12 

EM 

JRG 

784 

0 

247 

300 

6-12 

PPS 

JHA 

0 

-320 

-118 

109 

6-17 

PPC 

JHA 

96 

-1,236 

-752 

521 

6-17 

H 

RLM 

FLORE 

1,708 

736 

1,100 

317 

6 2 

131 

JRG 

18,144 

-2,772 

1,345 

4,937 

6-12 

WSm 

JRG 

188 

-980 

-345 

377 

6-12 

PPS 

JHA 

o 

1 

-160 

-112 

28 

6-17 

PPC 

JHA 

540 

-180 

153 

242 

6-17 

■3 

RLM 

HAT  ID 

1,760 

-112 

533 

639 

6-2 

131 

JRG 

840 

-160 

224 

358 

6-12 

WM 

JRG 

296 

-240 

-38 

121 

6-12 

PPS 

JHA 

68 

0 

52 

13 

6-17 

PPC 

JHA 

128 

-12 

29 

31 

6-17 

ALTITUDE  ERROR  SUMMARY 
SID/STAR-M0U16 


ALTITUDE  ERROR  SUMMARY 
SID/STAR-C0R32R 


Test 

flight 


GUID 


option 

Pilot 

Waypoint 

Maximum 

Minimum 

BB 

RLM 

CORFU 

-4 

-232 

IS 

IBD 

68 

32 

FD 

JMS 

152 

80 

VDO 

JMS 

176 

-104 

PPS 

JMS 

92 

-112 

PPC 

JMS 

X 

X 

FD 

JHA 

24 

-64 

v+w 

JHA 

20 

-52 

PPC 

IBD 

172 

104 

B 

RLM 

OTHEO 

-84 

-184 

IS 

IBD 

48 

-20 

FD 

JMS 

124 

76 

VDO 

JMS 

152 

-36 

PPS 

JMS 

216 

92 

PPC 

JMS 

X 

X 

FD 

JHA 

-24 

-120 

V+W 

JHA 

240 

20 

PPC 

IBD 

136 

48 

|B 

RLM 

PROPE 

764 

-188 

E® 

IBD 

936 

16 

FD 

JMS 

940 

56 

VDO 

JMS 

808 

-20 

PPS 

JMS 

808 

184 

PPC 

JMS 

772 

48 

FD 

JHS 

808 

-32 

V+W 

JHA 

716 

-64 

PPC 

IBD 

828 

48 

FD 

RLM 

PELIN 

760 

FD 

IQI 

936 

FD 

Wm 

936 

-112 

VDO 

ESS 

316 

16 

PPS 

JMS 

808 

-104 

PPC 

JMS 

828 

-116 

FD 

JHA 

684 

-128 

V+W 

JHA 

712 

-80 

PPC 

IBD 

828 

-340 

Average 

1o 

No 

-127 

80 

5-6 

54 

9.0 

6-3 

109 

16 

6-5 

-18 

61 

6-6 

-44 

52 

6-6 

X 

X 

6-6 

-14 

23 

6-6 

-6.4 

20 

6-6 

t31 

18 

6 21 

-137 

24 

5-6 

23 

22 

6-3 

98 

13 

6-5 

41 

54 

6 6 

170 

35 

6 6 

X 

X 

6-6 

-97 

23 

6 6 

89 

72 

6-6 

93 

23 

6-21 

61 

273 

5-6 

177 

255 

6-3 

212 

234 

6 5 

134 

237 

6-6 

339 

201 

6-6 

186 

193 

6-6 

144 

249 

6 6 

141 

196 

6-6 

201 

218 

6 21 

36 

198 

5-6 

238 

248 

6-3 

213 

248 

6-5 

130 

56 

6 6 

59 

189 

6-6 

204 

278 

6-6 

741 

34 

6 6 

86 

188 

6-6 

[ 103 

206 

6 21 

GUID 

option  Pilot  Waypoint 


FD  JMS 

Auto 

Auto 

Auto 

Auto 

PPC  JMS 
Auto 

VDO  JMS 
Auto 

V+W  JHA 

Auto 

Auto 


FD  JMS 

Auto 

Auto 

Auto 

Auto 

PPC  JMS 
Auto 

VDO  JMS 
Auto 

V+W  JHA 

Auto 

Auto 


FD  JMS 

Auto 

Auto 

Auto 

Auto 

PPC  JMS 
Auto 

VDO  JMS 
Auto 

V+W  JHA 

Auto 

Auto 


Maximum  Minimum  Average 


X 

-8 

88 

88 

16 

X 

-280 

X 

X 

-52 

39,880 

-24 


X 

176 

41,736 

508 

288 

8 

356 

-956 

108 

8,972 

60 

128 


X 

-132 

-832 

-332 

-548 

X 

-940 

X 

X 

-312 

-13,836 

-452 


-152 

-280 

-18,072 

-340 

-340 

0 

-292 

248 

-372 

-700 

-496 

-380 


GUID 

option 


Test 

flight 

No 


6 5 
6 6 
6 7 
6 7 
6-8 
6-13 
6-14 
6-15 
6-16 
6-18 
6-19 
6-19 


6-5 
6-6 
6-7 
6 7 
6-8 
C 13 
6-14 
6-15 
6-16 
6-18 
6-19 
6-19 


GUID 

option 


Pilot 


Waypoint 


FD 

Auto 

Auto 

Auto 

Auto 

PPC 

Auto 

VDO 

Auto 

V+W 

Auto 

Auto 


JMS 


BASIN 


JMS 

JMS 

JHA 


FD 

Auto 

Auto 

Auto 

Auto 

PPC 

Auto 

VDO 

Auto 

V+W 

Auto 

Auto 


JMS 


TD13R 


JMS 

JMS 

JHA 


CROSSTRACK  ERROR  SUMMARY 
SID/STAR-EDM16 


GUID 

option 


Test 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

la 

flight 

No. 

EDMOS 

-1,168 

-1,656 

-1,441 

133 

5 6 

RLM 

3,944 

488 

2,913 

1,091 

6-2 

RLM 

-480 

-8,388 

-1,879 

1,752 

6 2 

-32 

-37,584 

-499 

2,701 

6 7 

-152 

-760 

-364 

177 

6 7 

8 

-340 

-105 

107 

6-8 

-248 

-340 

-296 

-19 

6 16 

0 

-248 

-126 

67 

6 19 

-268 

-508 

-351 

74 

6 19 

-52 

-108 

-83 

11 

6 20 

IBD 

-364 

-424 

-394 

13 

6 21 

TABLE 

-420 

-1,784 

-1,381 

433 

5-6 

RLM 

3,416 

616 

1,625 

819 

6-2 

RLM 

1,812 

464 

1,272 

371 

6-2 

-100 

-15,904 

-578 

839 

6 7 

28 

-620 

-325 

264 

6-7 

128 

-360 

-139 

200 

6-8 

-172 

-420 

-325 

60 

6-16 

48 

-348 

-133 

145 

6-19 

-120 

-600 

-375 

139 

6-19 

388 

-60 

202 

161 

6-20 

IBD 

-40 

-432 

-259 

132 

6-21 

HATID 

408 

-2,672 

-26 

608 

56 

RLM 

2,092 

-3,996 

-980 

1,880 

6 2 

RLM 

-1,376 

-4,737 

-2,487 

1,022 

6-2 

416 

-340 

98 

118 

6-7 

196 

-72 

78 

70 

6-7 

288 

8 

174 

68 

68 

100 

-540 

-211 

212 

6-16 

7,100 

-700 

1,779 

2,439 

6 19 

116 

-20 

56 

38 

6-19 

348 

-60 

140 

87 

6-20 

IBD 

216 

-392 

0.77 

102 

6-21 

TDZ16 

-2,600 

-2,720 

-2,691 

26 

5-6 

RLM 

2,168 

0 

1,452 

622 

6-2 

RLM 

1,736 

-4,356 

-3,726 

861 

6-2 

0 

-64,352 

516 

1,679 

6-7 

108 

-700 

-357 

273 

6-7 

56 

-928 

-398 

373 

6-8 

0 

-1,288 

-808 

396 

6-16 

X 

X 

X 

X 

6 19 

208 

0 

105 

54 

6-19 

IBD 

88 

0 

49 

23 

6 20 

8 

-860 

-339 

351 

6-21 

itiH 


TIME  ERROR  SUMMARY 
SID/S  TAR-EDM16 


GUID 

option  Pilot 


Waypoint 


EDMOS 


Auto 

VDO  RLM 


TABLE 


Auto 

VDO  RLM 

PPS  RLM 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 

Auto 


HATID 


TDZ16 


Average 

1o 

Test 

flight 

No. 

0.25 

0.44 

5-6 

-40 

3.5 

6-2 

34 

4.9 

6-2 

X 

X 

6-7 

-13 

3.7 

6-7 

4.1 

3.4 

6-8 

0 

0 

6-16 

0 

0 

6-19 

0 

0 

6-19 

7 6 

0.59 

6 20 

-0.23 

0.42 

5-6 

-30 

1.3 

6-2 

21 

2.5 

6-2 

-29 

1.5 

6-7 

-1.7 

1.7 

6-7 

0 

0 

6-8 

0 

0 

6-16 

0 

0 

6-19 

0 

0 

'■19 

1.8 

1 

6-20 

1.5 

2.8 

5-6 

-13 

11 

6-2 

-12 

8.9 

6-2 

-7 

9.1 

6-7 

-0.01 

0.13 

6-7 

0.05 

0.3 

6-8 

-3.8 

2.1 

6-16 

-12 

15 

6-19 

0.58 

0.49 

6-19 

1.5 

1 

6-20 

31 

6 

5 6 

-2.3 

1.6 

6-2 

19 

4.1 

6-2 

-1.7 

5.1 

6 7 

0.09 

0.41 

6 7 

-2.1 

1.9 

68 

X 

X 

6-16 

X 

X 

6-19 

6.4 

4.5 

6-19 

-19 

15 

6-20 

TV 


GUIO 

option 

Pilot 

Waypoint 

PPS 

Auto 

RLM 

POSSN 

PPS 

Auto 

RLM 

TD13R 

PPS 

Auto 

RLM 

KITSP 

i 

PPS 

Auto 

RLM 

MAGNA 

Test 

GUID 

flight 

option 

Pilot 

Waypoint 

Maximum 

Minimum 

Average 

10 

No. 

PPS 

RLM 

POSSN 

X 

X 

X 

X 

62 

Auto 

X 

X 

X 

X 

6 9 

PPS 

RLM 

TD13R 

-7 

16 

9.5 

6 2 

Auto 

0 

28.0 

21 

6 9 

PPS 

RLM 

KITSP 

-37 

-50 

-43 

■ 

5 2 

Auto 

1 

0 

0.73 

I 

6-9 

PPS 

RLM 

MAGNA 

-7 

-13 

-95 

1.7 

6 2 

Auto 

30 

0 

9 

8.9 

69 

249 


1 


APPENDIX  C 


I 


ADEDS  PATH  CATALOG  ADDITIONS 


The  path  catalog  of  reference  4 was  used  in  the  preparation  of  flight  plans  for  the 
ADEDS  test  flights.  This  catalog  was  supplemented  by  the  additional  five  paths  as  defined 
on  the  following  pages  of  this  appendix.  These  paths  provided  additional  operational 
flexibility  to  permit  test  operations  under  a wider  variety  of  weather  and  traffic  conditions. 
These  paths  are  categorized  below. 


Airport 

Path  name 

Path  code 

Type 

KBH 

Burien  one  three 
departure 

BURI3R 

Departure  turn 

KPAE 

Edison  one  six 
arrival 

EDI  1 6 

Straight 

decelerating 

KPAE 

Glendale  one  six 
departure 

GLE16 

Close-in  turn 

KMWH 

Connell  three  two 
arrival 

CON32R 

Straight 

decelerating 

KMWH 

Douglas  three  two 
departure 

DOU32R 

Noise 

abatement 

PATH  DATA  SUMMARN 


EVERT  2.800  210 


DEPARTURE 


PATH  DATA  SUMMARY 


APPENDIX  D 


» 


NAVIGATION  AND  DISPLAY  SYSTEM  FAILURES/INCIDENTS  SUMMARY 

This  appendix  provides  a summary  of  all  failures  and  incidents  encountered  during  the 
ADEDS  llight  test  of  the  navigation  and  display  equipment.  The  items  are  presented 
chronologically  and,  where  appropriate,  corrective  action  taken  is  identified. 


263 


1 


NA  VIGA  T/ON  SYSTEM  FAILURES/INCIDENTS  DURING  FLIGHT  TEST  (Concluded) 


i 


DISPLAY  SYSTEM  FA  !L  URES/INCIDE  N TS  DURING  FLIGHT  TEST 


DISPLAY  SYSTEM  FAILURES/INCIDENTS  DURING  FLIGHT  TEST  (Concluded) 


